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Special Article 


Wey : 


WALTER REED .. ‘ 
“He Gave to Man Control of That Dreadful Scourge—Yellow Fever” 


WILLIAM 8B. BEAN, M.D. 


b 1OWA CITY 


This address was presented-Oct. 5, 1951, at the University of Virginia, Charlottes- 
ville, Va., on the occasion of the Annual Alpha Omega A!pha Lectureship. Dr. Bean 
lived jin Charlottesville from early childhood until his graduation from the University 
of Virginia Department of Medicine. His father was Professor of Anatomy at the 
University from 1916 to 1942, and Dr. Bean had his undergraduate and medical training 
there from 1928 through 1935. 


HE PURPOSE of this address is to memorialize Virginia’s illustrious medical 
alumnus, Walter Reed, whose birth took place a hundred years ago, on 
Sept. 13, 1851, in the small house of a Methodist minister in Gloucester County, 
Virginia. The occasion of this talk is the Alpha Omega Alpha Lectureship. It is 


of more than passing interest that Alpha Omega Alpha was founded in 1902, the 
year of Walter Reed’s untimely death. I recognize at the outset that I am under 
an almost intolerable handicap in talking to you here about Walter Reed when 
the subject was covered so admirably four years ago in a sparkling lecture by 
Dr. Philip S. Hench, whose scholarship was based on the passionate devotion of 
an amafeur historian. His curiosity and persistence had led to a sentimental 
journey) to Cuba in search of the original sites of the famous yellow fever experi- 
ments, and he discovered that the official monument commemorating this epochal 
pchovenpek was ectopic,» being about a mile out of place. All this and much 
more hg told you in discourse’ as classical in its way as his revolutionary observa- 
tions orp cortisone. 

My qualifications for giving this talk are based. on no original schoiarship or 
prolonged study but: are simply those of a fellow Virginian and alumnus of the 
Department of Medicine in Charlottesville. I might add parenthetically that my 
being here at all was conditioned upon my acceptance as a pinch hitter. Even 
as surrogate I helped get the ball game started, since I reminded your faculty of 
the Reed centennial and suggested that they ask Dr. Hench to give another talk. 

What are the reasons, we shall want to know, that Walter Reed is thought a 
fit subject for commemoration? Is it an idle task for the common man to apply 
his yardstick to greatness, its successes and failures, in this painfully neurotic age 
of the debunker, when we have come near losing our capacity for wonder and 
admiration? The commemoration of heroes, however warped to the mental images 
of biographer or historian, is a widespread human impulse, traditional in older 
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ur motive in hero worship is to 


lands and not altogether unknown in this. 
contemplate, in simple piety and emulation, greatness of mind beyond our own 


and to find inspiration from battles successfully entered on and heroically won. 
For our purpose it is appropriate to-discuss Walter Reed and his work against 


the background of universities, the University of Virginia and its Department of 


WALTER REED, M.D. 
1851-1902 


(From a painting by N. Duncan in the Medical Library, University of Virginia.) 


Medicine, on the one hand, and of the historic implications of yellow fever as a 
medical and socioeconomic problem on the other. An evaluation of the workings 
of Reed's disciplined mind in evolving and carrying out the yellow fever experi- 


ments, seen in this light, may enable us to draw useful lessons. 





BEAN—WALTER REED 


THE UNIVERSITY OF VIRGINIA OF REED’S DAY 
What is the business of a university? This question has haunted educators for 
a long time. Two statements serve as guides. The first is by Sir Thomas 
Clifford Allbutt : 


The function of the university is not qualification for the practice of any art or trade, 
but is a training of the mind, a formation of habits of study, of insight, of easy handling of 
ideas, and of methodical research, whether by the principles of the future profession or of any 
other department of knowledge. 


The second is by Cardinal John Henry Newman: 


It is a great point then to enlarge the range of studies which a University professes, even for 
the sake of the students; and though they cannot pursue every subject which is open to them, 
they will be the gainers by living among those and under those who represent the whole circle. 
This I conceive to be the advantage of a seat of universal learning, considered as a place of 
education. An assemblage of learned men, zealous for their own sciences, and rivals of each 
other, are brought by familiar intercourse and for the sake of intellectual peace, to adjust 
together the claims and relations of their respective subjects of investigation. They learn to 
respect, to consult, to aid each other. Thus is created a pure and clear atmosphere of thought, 
which the student also breathes, though in his own case he only pursues a few sciences out of 
the multitude. He profits by an intellectual tradition, which is independent of particular teachers, 
which guides him in his choice of subjects, and duly interprets for him those which he chooses. 
He apprehends the great outlines of knowledge, the principles on which it rests, the scale of its 
parts, its lights and its shades, its great points and its little, as he otherwise cannot apprehend 
them. Hence it is that his education is called “Liberal.” A habit of mind is formed which lasts 
through life, of which the attributes are, freedom, equitableness, calmness, moderation, and 
wisdom; or what in a former Discourse I have ventured to call a philosophical habit. This then 
I would assign as the special fruit of the education furnished at a University, as contrasted 


with other places of teaching or modes of teaching. This is the main purpose of a University 
in its treatment of its students. 


How well the University of Virginia lived up to such standards we shall see. 

Thomas Jefferson, who included plans for the Medical Department of the 
University in the over-all scheme for higher education, was a layman, as you all 
know, but he was broadly conversant with the science of his day and an active 
contributor to it. His interest in medical education was from the philosophic 
rather than the practical point of view. Knowledge of medicine, an integral part 
of natural philosophy, was a cultural attainment necessary for the full rounding 
of the educated man. His ideas thus anticipated those of Allbutt and Newman. 
In no sense was the original plan to turn out physicians. As late as 1889, twenty 
years after Walter Reed’s graduation from the Medical Department, the Visitors 
of the University still favored the subordination of clinical to theoretical instruc- 
tion. In essence, the Medical Department was a basic science school and was 
preparatory for further work in the clinical fields. This was generally achieved 
by the medical student’s taking an additional course of study in New York, 
Philadelphia, Baltimore, or Europe. While this approach to the education of the 
physician is unusual in the light of our present tendency to put clinical work ever 
earlier in the course, medical training at the University of Virginia in the time of 
Walter Reed was preeminently basic-science training of very high standard but 
without much clinical emphasis. This is the reason for his subsequent course at 
Bellevue Hospital in New York City. 
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During the years between the establishment of the Department of Medicine 
in the University by Jefferson dnd Walter Reed’s attendance, we have the first 
record of any prerequisite for admission to a course of medical education any- 
where, one which I am sure might be emphasized more than it is today, namely, 
an adequate preliminary understanding of the English language. 

Provision was made for a chair in anatomy and medicine, one of the seven 
original Chairs in the University. Lest one think that this was a light responsi- 
bility, the subjects encompassed in this professorship were anatomy, surgery, 
physiology, pathology, materia medica, pharmacy, and the history of the progress 
and theories of medicine. This was to be imparted to the student two hours a 
day on Tuesdays, Thursdays, and Saturdays during the course of the academic 
year. The first encumbent of this formidable bench was Dr. Robley Dunglison, 
an Englishman, then 26 years of age, who had achieved fame for his “Commen- 
taries on Diseases of the Stomach and Bowels of Children” (1824) and was 
editor of the London Medical Repository. His stipend from the University was 
$1,000 a year for the eight years he served. During a large part of the time he 
was secretary and later chairman of the faculty. That he was a prodigy of activity 
is indicated by his publication of “An Introduction to the Study of Grecian and 
Roman Geography” with George Long in 1829, “Human Physiology” in 1832, 
which was dedicated to James Madison, then rector of the University, and the 
first edition of his memorable “New Dictionary of Medica! Science and Literature”’ 
in 1833, a work which preempted and dominated the field during his lifetime and 
which must have been purchased by almost all medical students who were trained 
during the fifty years from the 1830’s to the 1880’s. Of passing interest is the 
fact that yellow fever was just one in a list of 165 fevers. My interest in Dunglison 
was awakened when we lived on the Lawn in the house which was his home during 
his connection with the University. His analysis of gastric juice from Alexis St. 
Martin, doubtless done in this same house, which was residence, classroom, and 
laboratory, is recorded in Beaumont’s classic. 

Although teaching was mostly theoretical in nature, dissection of the human 
body was done the very first year classes were held. In 1826 the original dis- 
pensary was established. After his lectures and anatomizing, the professor had 
to dispense free medical service to the indigent. From the fifty-cent fee for those 
who could pay, additional “medicines and salves’ were supplied. In accordance 
with the custom of the times, an extensive museum was used in teaching, and from 
the very early days quizzes and examinations were the same blight and stimulus 
that they have remained since that time. 

During the year that Reed first matriculated at the University, a bill was pre- 
sented to the Virginia legislature to amalgamate the schools in Charlottesville and 
Richmond at Richmond. To those whose memories go back to the 1920's, this 
will be an old story. In spite of much bickering and argument on both sides, the 
combination of the two schools never took place. It may have added its bit of 
unrest to the general confusion which prevailed everywhere in the South during 
the early Reconstruction years. <A telling argument was that the faculty at 
Charlottesville was composed of full-time professors who lived on the grounds of 
the University and were accessible to students, that the duration of the course 
was at least twice as long as that of any other contemporary medical school, that 
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“there were no distracting clinics, and that the quiet academic atmosphere of the 
University promoted studiousness.” Those who are vexed by the high cost of 
medical training today will view nostalgically the cost of lodging, board, books, 
and fees which did not exceed $250 a student. 

Perhaps the most famous member of the faculty during the middle years of 
the century was James Lawrence Cabell, the son and grandson of physicians, who 
organized and was the first president of the National Board of Health and an 
inspiring and gifted professor of surgery. After the reorganization of the course 
in 1849, he taught anatomy, physiology, and surgery. During the war years he 
was in charge of the Confederate Hospital in Charlottesville, which occupied the 
site of the present Union Station, and, with Charlottesville at such a strategic 
point on the Virginia Central Railroad, the hospital exemplified the savage and 
desperate surgery of the day. Judge Duke, who will be remembered by some 
members of this audience, used to speak of his frightening boyhood recollections 
of the rich harvest of amputated limbs which were apparently allowed to accumu- 
late just outside the building and thus festoon the environs with macabre decora- 
tion. John Staige Davis, the son of the eminent professor of law at the University 
of Virginia, the father and grandfather of distinguished successors connected with 
the school as teacher and student, was an outstanding demonstrator of practical 
anatomy, emphasizing the necessity for conducting all dissections by broad day- 
light. His practical examinations and demonstrations of anatomy have remained 
standard methods since his day. His son, John Staige Davis, formerly professor 
of medicine, I remember for an episode of kindness in which I must have tried 
him sorely. At the age of some seven years my arboreal proclivities led me to 
the top of a high tree from which my exploration was brought to a precipitous 
halt by defying the laws of engineering and gravity. On my being carried to the 
house in a somewhat unconscious state, Dr. Davis, our neighbor and family 
physician, was called in. I had given little sign of life or response when he was 
testing my reflexes, and when he tickled my feet I let him have a healthy kick 
which discomforted him as much as it relieved my family. 


Socrates Maupin, who taught chemistry and materia medica, was chairman 
of the faculty through Reed’s undergraduate days. It is said the Medical Depart- 
ment survived the War Between the States mainly because of his tireless efforts. 
Though no catalogues were issued during the War, instruction in medicine was not 
discontinued. In those hard times it was not surprising that the faculty generally 
served without remuneration. 


YELLOW FEVER 


But a Horseman even older than War was riding. Man was still subject to 
the ravages of epidemic disease which we have almost forgotten. So let us turn 
to yellow fever, another of the mighty creatures of death. I do not suppose any 
of us, living in the days of enlightened public health with preventive medicine, 
chemotherapy, and antibiotics, can understand the overwhelming horror and fear 
which epidemics caused along the Spanish Main and in our own seaboard and 
river towns and cities. Where yellow fever, or yellow jack, arose is anyone’s 
guess. Was it a subtle and sinister importation from Africa as a return payment 
for the enslavement of its natives; was it indigenous to the West Indies, or was 
it contracted from or given to the monkeys inhabiting South American jungles? 
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We do not know. Though it has spread far and wide, it has been peculiarly a 
disease of the Western Hemisphere, and it is appropriate that its ultimate control 
came from America. 

The spread of yellow fever from the Spanish Main was periodic, and it ravaged 
the Gulf and Atlantic seaboard on numerous occasions. Daniel Drake, in his monu- 
mental treatise on diseases of the Interior Valley of North America (1850), 
devoted almost 200 pages to a discussion of yellow fever, even though he had never 
seen a case. Following the technique which he used to get information, he had dis- 
cussed yellow fever with physicians the length and breadth of the Mississippi Val- 
ley. Very little was added to the epidemiological fragments which he pieced 
together till the decisive observations of Carter. Drake noted in particular that 
it prevailed in the tropics and up to the latitude of 35 degrees, that it was pri- 
marily a disease of cities and towns, particularly those along the coasts and along 
rivers, rarely above altitudes of 1,000 feet, that it was generally epidemic in this 
country, that it often broke out on ships on the Gulf of Mexico, that its seasonal 
peak was reached in September or October and was brought to a halt by the 
seasonal frosts. As for the disease itself, there was no characteristic onset; the 
fever generally was of short duration, with death or recovery supervening after 
a few days. Children were fairly exempt and if they were affected usually had 
mild cases. One attack conferred good immunity, which, however, was not per- 
fect. There was no cross immunity with malaria, and quinine was of no value 
in the treatment of yellow fever. It was not spread by contagion. The severe 
cases went on to hemorrhage characterized by black vomit, cutaneous hemor- 
rhages, and blood which produced only a soft and friable clot. From a close 
study of epidemiology of yellow fever Drake was not far from discovering the 
mechanism of its spread. The utter chaos in his section on therapy we will pass 
with averted gaze. 

Recently in a second-hand bookstore I found a dusty book on yellow fever— 
Keating’s account of the Memphis outbreak of 1878. Here is an eyewitness’ 
view of the demoralization and despair which this terrible plague produced. This 
description is in the class with those of Thucydides and Boccaccio, who have left 
memorable and depressing accounts of human society collapsing before the ravages 
of devastating epidemics. 

Here is Memphis as Keating saw it: 

An appalling gloom hung over the doomed city. At night, it was silent as the grave; 
by day, it seemed desolate as the desert. There were hours, especially at night, when the solemn 
oppression of universal death bore upon the human mind, as if the day of judgment was about 
to dawn. Not a sound was to be heard; the silence was painfully profound. Death prevailed 
everywhere. Trade and traffic were suspended. The energies of all who remained were enlisted 
in the struggle with death. The poor were reduced to beggary, and even the rich gladly accepted 
alms. At midday a noisy multitude of negroes broke in upon the awful monotony of death, the 
dying, and the dead, clamoring each for his dole of the bounty which saved the city from 
plunder and the torch. When these had gone to their homes, now fast being invaded by the fever, 
the cloud of gloom closed down again and settled, thick, black, and hideous, upon every living 
soul. Even the animals felt the oppression ; they fled from the city. Rats, cats, or dogs were not 
to be seen. Death was triumphant. White women were seldom to be met; children, never. The 
voice of prayer was lifted up only at the bed of pain or death, or in some home circle where 
anguish was supreme and death threatened, as in a few cases he accomplished total annihilation. 
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Tears for one loved one were choked back by the feeling of uncertainty provoked by the sad 
condition of another. In one case a family of four was found dead in the same room, the bodies 
partially decomposed. 


Now he watches the people: 


Men, women, and children poured. out of the city by every possible avenue of escape. 
A few steamboats were filled, but these were for the most part shunned, especially by those 
who had the means for railroad travel, and had mind sufficient left to think of the possibility 
of their becoming charnel-houses, subject to the quarantines and freaks of folly of populations 
equally scared and bent upon their own safety. Out by the country roads to the little hamlets 
and plantations, where many of them were welcome guests in happier days; out by every 
possible conveyance—by hacks, by carriages, buggies, wagons, furniture vans, and street drays; 
away by batteaux, by any thing that could float on the river; and by the railroads, the trains 
on which, especially on the Louisville Road, were so packed as to make the trip to that city, 
or to Cincinnati, a positive torture. No arrests were made—not even when the windows of the 
cars were opened from the outside, and men and boys were thrust in, over and despite the 
expostulations of the respectable women who occupied the seats. The cars of the trains for 
several days went out literally packed to suffocation with people. . . . The stream of 
passengers seemed to be endless and they seemed to be as mad as they were many. 


One need not embroider upon such scenes of terror. It may be said truly 
that yellow fever in such epidemics resembled the Ancient Mariner who “‘stoppeth 
one of three.” 

To get light on the scene which prevailed at the time Walter Reed faced 
it, I have gone to William Osler’s textbook, “The Practice of Medicine.” As a 
minor bibliophile whose chief hindrance has been an empty pocketbook, I have 
managed to collect the various editions of this textbook. In the first edition 


(1892) after a brief description of the historical aspects of the disease, the fol- 
lowing statement occurs: “The epidemics are invariably due to the introduction 
of the poison either by patients affected with the disease or through infected 
articles. Unquestionably, the poison may be conveyed by fomites.” The pre- 
vention recommended was that laid down by Surgeon General of the Army G. 
M. Sternberg. It included the isolation of the sick on shipboard at quarantine 
stations, disinfection of excreta, clothing, and bedding, and depopulation of 
infected places. This is a far cry from Dr. Rush’s practice, a most sanguine and 
heroic one, of which I quote an example in ‘his letter to Redman Coxe: 

From a newly arrived Englishman, I took 144 ounces at 12 bleedings in six days. Four were 
in 24 hours. I gave within the course of the same six days nearly 150 grains of calomel with 
the usual proportions of jalap and gamboge. 


The fact that Rush himself, when he had the disease, suffered similar therapy 
indicates the extent of his error. 

The second edition of Osler’s work has nothing further to offer. In the third 
(1898), however, the observations of a bacteriologist begin to appear. Sana- 
relli’s work on the Bacillus icteroides was quoted in detail with a well-deserved 
condemnation of Sanarelli’s promiscuous and ill-designed human experiments. 
The impact of Walter Reed and his astonishing band was recorded in the fourth 
edition, published in July, 1901. In the section on the mode of transmission, we 
have the reports of the American Commission on Culex fasciatus and the final 
removal of the blame from infected clothing, as we shall see later on. The other 
points made by the Commission are discussed in detail. No greater tribute could 
be paid than the remark that “the experiment fulfilled the most exacting condi- 
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tions of scientific accuracy and forms a model of its kind.” In this edition, Stern- 
berg’s admonitions concerning quarantine are omitted and the mosquito is 
attacked as the main enemy. The fifth edition, published a year later, in 1902, 
is the same. By the sixth edition in 1905, the picture has so changed that the 
section on yellow fever scarcely resembles the section in the first edition. By 
now yellow fever has been eradicated from Cuba by application of public-health 
measures. The last mention is made of fomites as conveyors of the disease, and 
already the public-health, social, and economic sequels of this far-reaching dis- 
covery are established in the standard text on medicine of the day. Prophylaxis 
now takes on a scientific status. What kind of person was it who achieved this 
rapid revolution? 
LIFE 

Walter Reed was the son of a circuit-riding Methodist minister. His birth- 
place at Belroi in Gloucester County, Virginia, may be ascribed to the obstetrical 
fate of migratory Methodists, since his parents were both natives of North 
Carolina. Their forebears were of English stock on both sides. The frame dwell- 
ing in which Walter Reed was born, almost miniature in size, had only two rooms 
and an attic of sorts. It has been restored and kept as a shrine by the Medical 
Society of Virginia. Though we have little direct information, we may be 
sure that the margin of economic safety was exceeded in a rapidly growing 
family supported by the stipend of a Methodist preacher who demonstrated the 
usual reciprocal relation between family size and income. Lemuel, the father, 
was a respected man, upright, and direct. His talents were recognized and used 
in the high councils of his church. He was a man of keen intellect and great 
capacity for work. Walter’s mother, Pharaba White, daughter of a North Caro- 
lina planter, was a strong and devoted person whose force of character left a 
clear imprint on her children. Details of the family life there are few, but as the 
youngest of five children Walter certainly received education for getting along 
in life. The give and take in such a family is the best possible experience, and 
it is mostly take for the youngest member. 

When Walter was 6 years old, the family moved to Farmville, Va., where his 
formal schooling began in Mrs. Booker’s small private school. Here he acquired 
a sound beginning in his intellectual disciplines and undoubtedly also a taste for 
hunting and fishing, which provided him with delight and recreation throughout 
his life. In the community tobacco was the staple crop, and he had the experi- 
ence common to most boys of an almost disastrous episode of eating rather than 
chewing tobacco. His older companions, terrified by the clinical manifestations 
of acute nicotine poisoning, enjoined upon him absolute secrecy “even if it kills 
you,” and indeed they were convinced that he was dying as they carried him 
home. The promise was made and kept. Fortunately their prognosis was 
wrong. Such an episode, however, exemplifies his determined and courageous 
nature. When the War Between the States ebbed and flowed around him, life 
went on much as before, though with still harder times. Two older brothers 
were in the Confederate Army. For only one year was there no school, but we 
may be sure that he received instruction from his parents. On one occasion 
Walter and some of the older boys had to hide the horses from a party of Sheri- 
dan’s raiders, which had carried off all the livestock. A faithless servant dis- 
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closed the hiding place, and after a short period as prisoners the boys were 
released, to the great relief of the distraught parents. 

After the war the Reed family combined the mandatory movements of the 
Methodist clergy with higher education and moved to Charlottesville. Here the 
older boys went to the University, and Walter went to Mr. Abbott’s school for 
boys for two sessions. Though we do not have a transcript of his grades, he was 
trained in the classics and other requirements for admission to the University. 
By this time the pattern of his life was clear—he was ambitious, full of energy, 
ready to work long and hard hours. Beyond his age he was judicious, and con- 
sideration for others helped him to combine fairness with firmness. In personal 
appearance he was highly favored even in youth and had a gentle disposition and 
gracious manner. Also he was precocious and an eager student, so that at the 
age of 15 he had acquired a knowledge of Latin and Greek, to a degree rare even 
in those days and unheard of today. History, literature, and philosophy were 
other favorite studies. Little is known about his extracurricular activities except 
that they probably followed the usual pattern of games, hunting, and fishing as 
occasional escape from the stern disciplines of the academic line. 

After two years of Mr. Abbott’s school, where his standing was always very 
high, he entered the University of Virginia at the age of 16. His work for the 
first year was exemplary, but at the end of this time a crisis occurred, and as I 
read the record we have one of the unique reasons for going to medical school 
and becoming a doctor. So far as we know, up to this time Reed had shown 
little interest in or inclination for science or medicine. However, since two of the 
older boys were already in school and it would be too costly for all three to take 
the complete course at the University, Walter discovered that it would be possible 
for him to get the degree of Doctor of Medicine in one more year if he could be 
admitted to the medical class and satisfy the requirements. Thus, it was cheaper 
to be trained as a physician than in the classics. There was apparently some con- 
sternation in the Admissions Committee, but Dr. Maupin, the chairman, assured 
him that if he passed the work he would be given his degree. The faculty were 
much impressed by his bearing at the time and his extraction of the promise with 
the warning that he would hold them to it. Those of us who sometimes indulge 
in self-pity at our crowded schedule of time can but look with amazement at 
the enthusiasm and stamina with which he undertook and completed the medical 
course in a nine-month period. His brother, Christopher, is authority for the 
statement that he frequently slept only three or four hours a night during that 
period of intensive, concentrated study. When he had astonished the faculty by 
completing all the requirements, his degree was given as promised, and when 
presented to him by Dr. Maupin it was with the comment and acknowledgment 
that he was the youngest graduate of the Medical Department of the University 
of Virginia. He stood third in the class. The next phase of his medical edu- 
cation was achieved at the Bellevue Hospital Medical College, New York, at 
which he matriculated a few months after receiving the Doctor of Medicine 
degree from Virginia. His hard work and discipline proved a steadying influence 
for a youngster away from home and exposed to a big city for the first time, and 
a very broadening experience it was with all the opportunity to hear lectures, to 
see scientific demonstrations, and to enjoy music and drama. After getting the 
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second Doctor of Medicine degree at Bellevue, he had an internship at King’s 
County Hospital and then became an inspector of the Brooklyn Board of Health. 
He had many periods of depression, for even so young an observer was worried 
at what he thought was a rather low level of professional competence and a great 
disparity between success as the world knows it and clinical skill. 

On a visit in 1874 to his father, who had moved to Murfreesboro, N. C., he met 

Miss Emilie Lawrence, who was later to become his wife. The combination of 
beginning in medical practice and launching on matrimony presented grave diffi- 
culties, particularly as he observed, “It is a remarkable fact that a man’s success 
during the first decade depends more upon his beard than his brains.” Such a 
youth as he was handicapped in this regard. As he later told his wife, the desire 
for early marriage, rather than the reasons he gave his brother, namely, lack of 
social connections, lack of wealth, and lack of influential friends, undoubtedly 
determined his next major step, that of taking examinations for admission into 
the Army. Then, too, the fascination of the large metropolis was becoming tar- 
nished, and he was unwilling to give his “hopes and ambitions a free rein and 
apply the whip and spur unsparingly” as he had done during the early part of his 
stay. The process of examination was a gruesome one, as witnessed by his dis- 
covery of what it contained: 
To my utter astonishment [the recorder of the examining board] informed me that candidates 
must stand an examination in Latin, Greek, mathematics, and history, in addition to medical 
subjects. Horrors of Horrors! Imagine me conjugating an irregular verb, or telling what 
x + y equals, or what year Rome was founded, or the battle of Marathon fought. Why the 
thing is impossible, I shall utterly fail. Add to this that each applicant is examined five hours 
each day for six successive days—thirty hours’ questioning—and, to cap the climax, there are 
more than 500 applicants for less than 30 vacancies? The very thought of it makes me dizzy. 
Think of my condition and pity me, for I need all the sympathy of all my friends. 


Some of the additional fears and torments of this preliminary period are given 
in a letter to his prospective wife: 


It may be that I cannot do as much brainwork in the same length of time as I could do in my 
younger days; or, perhaps, a more correct statement would be that I have for so long a time 
abandoned the habit of hard continuous application as to make it somewhat difficult, if not a 
matter attended with danger, to return into the traces quickly. I remember the time when I 
could safely study as much as 20 hours uninterruptedly day after day, and not experience any 
bad effect from it, but 1 presume that time shall return no more. 


His fears about the examination and the depression attending his concentrated 
study vanished when the examinations were completed and he had performed 
brilliantly. He was commissioned as First Lieutenant in June, 1875, and was 
stationed at Willet’s Point, N. Y. Everything seemed auspicious for an early 
marriage, but this hope was suddenly shattered when orders arrived for transfer 
to duty in Arizona. He determined to take matters in hand by consulting with the 
Surgeon General concerning the possibility of a leave of absence to return from 
Arizona after a few months to be married. This is described in the following words 
in Kelly’s life of Walter Reed: 

His heart sank within him when he was ushered into the presence, and after introducing him- 
self, was ordered in a peremptory manner to “Sit down.” Next came the abrupt question, “What 
do you want?” “I would like to know, General, if I can get a leave while I am in Arizona. 
I am engaged to be married and should want to return.” The General’s voice became gruffer 
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still and his face more stern as he replied, “Young man, if you don’t want to go to Arizona, 
resign from the service.” At this Reed’s spirit returned, he lost all timidity, and answered fear- 
lessly as man to man, “General, I did not labour for my commission with all the will which I 
did to throw it away hastily, nor can you deprive me of it till I act so unworthily as to cause 
dismissal.” The old man’s manner changed at once. He was evidently pleased by his young 
subordinate’s spirit, and he answered kindly, “Have a cigar, Dr. Reed, and let us talk it over.” 
At the end of the interview, he gave his ultimatum thus: “Don’t marry now. Go to Arizona. 
There is no doubt some officer will become insane before long. You can bring him East, and 
there will be the chance for your wedding.” In after years Dr. Reed often laughed at the 
patience he would have been called upon to exercise if he had followed the Surgeon-General’s 
advice, for he had been married thirteen years before he was ordered to Washington to escort 
an officer to St. Elizabeth’s Asylum. 


Plans for the wedding were hastened, and Walter Reed was married to Emilie 
Lawrence on April 25, 1876, and two weeks later he took off alone for his post 
in Arizona to survey the scene and make arrangements for his wife to join him. 

The frontier days, reconstructed from excerpts of letters to various members 
of his family, seem dim and far away. In some of the remote stations the closest 
railroad was 700 miles away, mail arrived once a week, and letters from home 
might take a month and a half to arrive. Life was hard, desolate, and bare, indeed 
at times dangerous, but provided a wonderful opportunity for independence, 
self-sufficiency, and discipline. Often the Army surgeon was the only doctor for 
miles around, and many episodes are related of his skill and devotion to patients 
in the most difficult possible surroundings, including long rides on horseback in 
blizzards, activity in and out of actual skirmishes with Indians, and the inevitable 
frustrations of medical practice in the Army. However, after the years in Arizona, 
a brief visit at Fort McHenry, Baltimore, and a stay in western Nebraska, in 
1887 he was ordered to Mount Vernon Barracks, Ala. After the barren desola- 
tion of Nebraska and the worse conditions in Arizona, the flowers and showers 
of the South were a delight. He had a garden full of flowers for his friends 
and of fruit and vegetables for his hospital. 

The eighteen years of garrison duty were not wasted, though the official 
record is silent. The routine work of young army surgeons gets small space in 
the gazettes or official reports—for he is 

Not the bemedaled commander beloved of the throne 


Riding cock horse to parade when the bugles are blown. 
' —Masefield. 


In the seventies and eighties this life did not stimulate the intellect. Many a 
man was wasted through the seductions of poker and alcohol. The saving grace 
for medical officers was the profession of medicine, the opportunity and necessity 
for continual study. Triviality was escaped by the stern responsibilities of life 
and death. 

The critical turning point came with Reed’s assignment to Baltimore as 
Attending Surgeon and Examiner of Recruits. Here he was exposed to the medi- 
cal renaissance of the Johns Hopkins group, now blossoming luxuriously. He 
made the most of an opportunity to work in Welch’s laboratory and entered the 
regular courses in pathology and bacteriology. This crisis in Walter Reed’s life 
came at a wonderfully opportune moment in medical history. The preceding 
decade had been one of superb advances in the science of bacteriology and the 
knowledge of infection. Hardly a month went by during which the discoveries 
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of Pasteur and the techniques of Koch did not lead to discovery of important 
specific germs. Even at this time much of the clinical confusion of tuberculosis, 
cholera, leprosy, tetanus, pneumonia, typhoid, malaria, meningitis, and diphtheria 
had been resolved. This was a time of intense excitement and enthusiasm which 
permeated all persons who were active in these areas of endeavor. The sudden 
transition from the intellectually arid frontier post to the very midst of dis- 
coveries which were revolutionizing concepts of disease presented a thrill, a stimu- 
lus, and a challenge. Here the character that Walter Reed had fashioned in the 
past, by discipline and training, was tested by the greater energy with which he 
entered the laboratory work. He learned techniques, attended and made post- 
mortem examinations, did his own cultures on the material which he gathered. 
In short, he was taken into the family of eager workers who were carrying out 
various investigations in the hospital and laboratories. After he had achieved suf- 
ficient competence, he was assigned a special project for the study of lymphoid 
nodules in the liver in typhoid. This was carried out on an experimental basis. 
This experience could scarcely have fallen on more fertile ground. For Reed, 
already a man of sterling character, a skilled and experienced practitioner, a 
soldier who had endured great hardship and some danger, a student and scholar 
of the highest type, this final training, added to his kindness, his bedside skill, 
and his sound judgment, made the way for his classical experiments in yellow 
fever. 
DECADE OF RESEARCH 

Walter Reed’s sudden plunge into the tension and excitement of the early 
days of bacteriological discovery produced a reaction of work, study, compre- 
hension, and original observation and discovery which was as unusual as it was 
unexpected. Here we have a military surgeon at the threshold of his fifth 
decade, who had never done research or written a scientific paper. In the years 
between 1892 and 1902 he published 27 papers on original work. They are 
clear, lucid, simple, and exact. Though they may be read in an afternoon, they 
encompass a wide variety of topics, including malaria, erysipelas, vaccination, 
leukemia, cholera, pneumonia, four on typhoid, and the ten classics on yellow 
fever. Even without the yellow fever work a very high level was achieved and 
sustained. How did all this come about? I wish we knew. Beyond saying that 
the stimulus met a perfect response, little is certain. 

The stage setting is Cuba. After the debacle of disease among the American 
soldiers during the Spanish war, the Army was sensitive on this point, and 
properly so. Now yellow fever was on the rampage in Habana, cutting down 
medical officers among the rest with sardonic impartiality. Walter Reed had 
just handed in a memorable report, an expose of the system of camps under 
which typhoid flourished. He was called upon to head a yellow fever commission, 
the other members being Dr. James Carroll, Dr. Jesse W. Lazear, and Dr. 
Aristides Agramonte, each a hero in his own right. They were destined to give 
a superb example of group research. The ideas, planning, and responsibility 
were Reed’s. 

Yellow fever, a scourge and an enigma, was the theme for violent and wor- 
ried argument. Some held that it was contagious; others were equally convinced 
that it was not. Filthy, crowded places, hot, damp places, favoring the decay of 
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organic matter were supposed to hatch the incubus—and foul clothing, fomites, 
were said to spread it. The ritual of fumigation and burning all impedimenta of 
a patient, quarantine, and other precautions consigned much to flames and 
impeded commerce but never really checked yellow fever. These incantations, 
the illusion of help, were effective only as a public-health placebo. Confusion 
was compounded when Dr. Giuseppe Sanarelli in 1897 announced the “specific 
cause” as the Bacillus icteroides. Dr. Carlos Finlay’s hunch that a mosquito 
spread yellow fever, while supported by nothing which bore critical gaze, was 
given some allurement by the final proof that the mosquito was the villain in 
malaria, and this came in 1898. Dr. Henry Rose Carter’s report in 1900 made the 
insect-vector hypothesis more probable, and his work influenced Reed. 

The experiments which shed light on this gloom are great for their clarity 
of conception, their precision in execution, their scrupulous and conclusive 
details—in short, for their elegant simplicity. They may be divided into several 
stages. 

I. Disproving Errors——The first approach was to see if Sanarelli was right. 
Bacillus icteroides had been cultured from persons dying of yellow fever and 
some rather ghastly experiments done on human subjects. One set of observers 
claimed verification. Reed quickly showed that the bacterium was a strain of 
the hog cholera bacillus, an old friend he had learned about from Clement and 
Kelly in Welch’s laboratory in Baltimore. This organism was not found in most 
cases of yellow fever, was found in other conditions, and defied Koch’s postulates. 

Fomites, though slightly later in sequence, logically may be disposed of here. 
The role of Dr. Robert P. Cooke and John J. Moran has been told you by Dr. 
Hench. As Reed described the plan: 

we proposed to attempt the infection of nonimmune individuals . . . by exposure 
to the most intimate contact with fomites. For this purpose . . . two frame buildings, each 
14 by 20 feet in size, were constructed. These buildings, having a cubic capacity of 2,800 feet, 
were exactly similar, except that one of them, known as the “Infected mosquito building,” was 
divided near its middle by a permanent wire-screen partition and had good ventilation; while 
the other, designated as the “Infected clothing building,” was purposely so constructed as to 
exclude anything like efficient ventilation. These houses were placed on opposite sides of a small 
valley, about 80 yards apart, and each 75 yards distant from the camp proper. Both houses were 
provided with wire-screen windows and double wire-screen doors, so that mosquitoes could be 
kept without or within the buildings, as the experimenters might desire. 

November 30, 1900 . . . three large boxes filled with sheets, pillow slips, blankets, 
etc., contaminated by contact with cases of yellow fever and their discharges: were received 
and placed [in the “Infected clothing building’]. . . . Many of them had been purposely 
soiled with a liberal quantity of black vomit, urine, and fecal matter. A dirty “comfortable” and 
much-soiled pair of blankets, removed from the bed of a patient sick with yellow fever in the 
town of Quemados, were contained in one of these boxes. The same day, at 6 p.m., Dr. R. P. 
Cooke, acting assistant surgeon, United States Army, and two privates of the Hospital Corps 
[Folk and Jernigan], all nonimmune young Americans, entered this building and deliberately 
unpacked these boxes, which had been tightly closed and locked for a period of two weeks. 
They were careful at the same time to give each article a thorough handling and shaking in 
order to disseminate through the air of the room the specific agent of yellow fever, if contained 
in these fomites. These soiled sheets, pillow cases, and blankets were used in preparing the beds 
in which the members of the Hospital Corps slept. Various soiled articles were hung around the 
room and placed about the bed occupied by Dr. Cooke. 
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From this date until December 19, 1900, a series of 20 days, this room was occupied each 
night by these three nonimmunes. Each morning the various soiled articles were carefully 
packed in the aforesaid boxes, and at night again unpacked and distributed about the room. 
During the day the residents of this house were permitted to occupy a tent pitched in the 
immediate vicinity, but were kept in strict quarantine. eK Sag aa 

December 19, these three nonimmunes were placed in quarantine for : days and then given 
the liberty of the camp. All had remained in perfect health, notwithstanding their stay of 20 
nights amid such unwholesome surroundings. 


Such heroism and such technique remind one of the later work of Dr. Joseph 
Goldberger, who tried by similar methods to spread pellagra. 
In Reed’s own words: 


I have allowed the men who have spent 20 nights in our infected clothing house to come out 
and they are now in quarantine. Two other soldiers are now occupying the house and sleeping 
not only in the same beds and between the same sheets on which our yellow fever patients have 
rested during their attacks, but they sleep in the very shirts that our patients wore throughout 
their entire illness! If anything should give them the disease this should succeed! Don’t you 
think so? Infected clothing and bedding have been a horrible nightmare during the past 300 
years, but, methinks, it will die out very early in the next century! Yellow fever can no more 
be transmitted in that way than intermittent fever. How General Sternberg and hosts of others 
could have believed in the contagiousness of clothing and of the stools of yellow fever patients 
I cannot possibly see. They were simply accepting the statements of others who had nothing on 
which to base such statments. A little careful testing of this theory has served to knock it com- 
pletely into smithereens. I thank God that I did not accept anybody’s opinion on this subject, 
but determined to put in to a thorough test with human beings in order to see what would 
happen. My own observations at Pinar del Rio convinced me that infected bedding was indeed 
a myth. Actual trial has proven that I was right and that what the medical profession believed 
was wrong! 

Il. Establishing New Facts——The Mosquito: The crux of the problem, as 
Reed said, was to find “the way or ways in which the disease was propagated 
from the sick to the well.” Finlay’s obsession, Carter’s precise and curious obser- 
vations on the “period of extrinsic incubation,” Ross’s recent fulfillment of 
Manson’s dream and Reed’s own intuition, built of long years of discipline and 
thought, all combined in prologue and stage setting for the drama which was to 
disclose the demon of yellow fever and exorcise him. It is poetically just that 
Finlay provided the ova from which were hatched the mosquitoes that gave the 
first conclusive evidence. 

The experimental design was as follows: 

To set up an ironbound case for production of human yellow fever by the 
mosquito, a number of conditions were essential. 

1. The subjects must be nonimmune, and this made it necessary to use 
American soldier volunteers and members of the commission. Carroll had the 
first positive case, and soldier X. Y., the second, while Lazear, whose death was 
a tragic reminder of the seriousness of the disease, fell victim of the disease 
from a casual mosquito bite which he suffered from scientific valor, carelessness, 
disbelief, or sheer tropical fatigue, we do not truly know. I prefer to believe 
Hench’s conclusions that his true role was hidden and that he played a crucial 
part in the discovery. 

2. Other sources must be excluded by quarantine. This was possible only 
by an expensive experimental camp made possible by that ideal and far-sighted 
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commanding officer, Major General Leonard Wood. Before the $200. volunteers 
could get their premium for a chance at death, Moran, later a Virginia medical 
student, and Kissinger volunteered, but only on the condition that they be free 
lances. Bitten by mosquitoes properly fed on victims of yellow fever, they had 
the first cases of completely controlled induced yellow fever in man. 

3. Persons exposed in the same building but protected from mosquitoes must 
not get yellow fever. 

4. Immune persons must not suffer from the b‘te of infectious mosquitoes. 

During the progress of the tests, positive cases produced wonderfully different 
responses in two groups of test subjects and the responsible investigator, who 
wrote: 

It can readily be imagined that the concurrence of 4 cases of yellow fever in our small 
command of 12 nonimmunes within the space of 1 week, while giving rise to feelings of exul- 
tation in the hearts of the experimenters, in view of the vast importance attaching to these 
results, might inspire quite other sentiments in the bosoms of those who had previously con- 
sented to submit themselves to the mosquito’s bite. In fact, several of our good-natured Spanish 
friends who had jokingly compared our mosquitoes to “the little flies that buzzed harmlessly 
about their tables,” suddenly appeared to lose all interest in the progress of science, and, 
forgetting for the moment even their own personal aggrandizement, incontinently severed their 
connection with Camp Lazear. Personally, while lamenting to some extent their departure, I 
could not but feel that in placing themselves beyond our control they were exercising the 
soundest judgment. In striking contrast to the want of confidence shown by these Andalusians 
who had agreed to be bitten my mosquitoes was the conduct now displayed by the three young 
Americans, who had consented te jeopardize their lives by exposure to fomites and who, as a 
matter of fact, had already spent 15 nights in a small, illy ventilated building, breathing in an 
atmosphere dreadfully contaminated by the soiled garments of yellow-fever patients. 


HABANA ADDRESS 


The work was epitomized in Reed’s formal report, which ended with these 
momentous conclusions : 


1. The mosquito (C. fasctatus) serves as the intermediate host for the parasite of yellow 


fever. 

2. Yellow fever is transmitted to the nonimmune individual by means of the bite of the 
mosquito that has previously fed on the blood of those sick with this disease. 

3. An interval of about 12 days or more after contamination appears to be necessary before 
the mosquito is capable of conveying the infection. 

4. The bite of the mosquito at an earlier period after contamination does not appear to 
confer any immunity against a subsequent attack. 

5. Yellow fever can also be experimentally produced by the subcutaneous injection of blood 
taken from the general circulation during the first and second days of this disease. 

6. An attack of yellow fever, produced by the bite of the mosquito, confers immunity against 
the subsequent injection of the blood of an individual suffering from the nonexperimental form 
of this disease. 

7. The period of incubation in 13 caseS of experimental yellow fever has varied from 41 
hours to 5 days and 17 hours. 

8. Yellow fever is not conveyed by fomites, and hence disinfection of articles of clothing, 
bedding, or merchandise, supposedly contaminated by contact with those sick with this disease, 
is unnecessary. 

9. A house may be said to be infected with yellow fever only when there are present within 
its walls contaminated mosquitoes capable of conveying the parasite of this disease. 
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10. The spread of yellow fever can be most effectually controlled by measures directed to the 
destruction of mosquitoes and the protection of the sick against the bites of these insects. 

11. While the mode of propagation of yellow fever has now been definitely determined, the 
specific cause of this disease remains to be discovered. 


And who is so blasé as to be unmoved by Reed’s exalted response, carried 
home to his wife in that memorable New Year’s Eve letter, written from Colum- 
bia Barracks, Quemados, Cuba, 11:50 p. m., Dec. 31, 1900. 

Only ten minutes of the old century remain. Here have I been sitting, reading that most 
wonderful book, “La Roche on Yellow Fever,” written in 1853. Forty-seven years later it has 
been permitted to me and my assistants to lift the impenetrable veil that has surrounded the 
causation of this most wonderful, dreadful pest of humanity and to put it on a rational and 
scientific basis. I thank God that this has been accomplished during the latter days of the old 
century. May its cure be wrought out in the early days of the new! The prayer that has been 
mine for twenty years, that I might be permitted in some way or at some time to do something 
to alleviate human suffering has been granted! A thousand Happy New Years. . . . Hark, 
there go the twenty-four buglers in concert, all sounding “Taps” for the old year. 


This exaltation was inevitably followed by a reaction of fatigue and depres- 
sion. Responsibility for such dangerous, indeed fatal, experiments must have 
borne heavily upon Reed, and invoking his own conscience must have been a 
sore test. He returned to Washington, reported the results in several addresses 
and the papers just quoted and resumed his duties as professor at the Army 
Medical School. At least one of his fears was that no practical way would be 
found to eliminate the mosquito, and this was most depressing. Then, without 
much warning, at the apex of a superb career which came to flower late in his 


middle years, Walter Reed was seized with appendicitis and died shortly after an 
operation. We can be grateful that Reed was already aware of the utility of 
his enterprise. In his own words— 


“. . . I may state that counting from the date when they [the new sanitary regulations] 
were put into force—viz., February 15, 1901—Habana was freed from yellow fever within 90 
days; so that from May 7 to July 1—a period of 54 days—no cases occurred.” 


Between the years 1853 and 1900 tens of thousands had died in the city. What 
was true of Habana was shortly true of other yellow-fever-infested areas of the 
world. General Leonard Wood said at a service in honor of Dr. Reed: “I 
know of no other man on this side of the world who has done so much for 
humanity as Dr. Reed.” 

The following resolutions were adopted by the medical faculty of the Uni- 
versity of Virginia Dec. 8, 1902: 

The medical faculty of the University of Virginia have heard with deep sorrow of the death 
of Maj. Walter Reed, professor of bacteriology and pathology in the Army Medical School, 
and distinguished graduate of this medical department. 

His masterly investigation of the causes of the outbreaks of typhoid fever in the United 
States Army during the Spanish-American War, and especially his work furnishing conclusive 
proof of the conveyance of yellow fever by the mosquito, entitle him to a preeminent place 
amongst scientists and sanitarians and will prove of inestimable service to mankind. 

As an alumnus he was true and loyal, manifesting on every appropriate occasion his con- 
tinued interest in the university, upon which he had reflected great credit. 

In testimony of our high appreciation of his character and achievements it is hereby 

Resolved, That the foregoing note be spread upon our minutes and a copy be forwarded to 
the family of Dr. Reed as an evidence of our sympathy for them in their great sorrow. 
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CONCLUSION 


You have come along with me on a pilgrimage of hero worship, and no 
praise seems overdone even in our troubled times when hero worship is fast 
going out of style. We have glimpsed a life which was well nigh flawless and a 
revolutionary experiment which, of its kind, was perfect. We have examined, 
however distantly, a truly great intellect which, to quote Newman again, 


is one which takes a connected view of old and new, past and present, far and near, 
and which has an insight into the influence of all these one on another; without which there 
is no whole and no center. It possesses the knowledge, not only of things, but also of their 
mutual and true relations; knowledge, not merely considered as acquirement, but as philosophy. 


In each of us in some degree is the potential for reaching excellence under 
the banner of discipline. If we have selected our parents and ancestors wisely, 
we have a good start but no guarantee of final fulfillment. In this we know Walter 
Reed was fortunate. If we began life in the nurture of a well-ordered home, 
sharing and learning in a large family, we can thank our parents, and here Walter 
Reed was blest. But when the individual has some choice in accepting the gifts 
of knowledge or shirking them, in striving by hard work to sharpen talents with 
diligence, to fulfil scholarship with discipline, the choice is conditioned by the 
stimulus and the reactor. I labor no point to emphasize the role of the Uni- 
versity of Virginia in providing the challenge and the opportunity—training, 
study, discipline, and honor—the annealing furnace of character, to which Walter 
Reed brought the best of raw materials. Then the lonely life of the outlying gar- 
rison where decay is easy, was this not the slow time of ripening, the ordeal by 
ennui, which few survived? Finally, came the mature fruit of the long learning, 
the meditation, the faith, the observations, and the experiments—all a logical and 
most beautiful sequence. May we, in honoring Walter Reed, learn as he did the 
humble lessons of hard work, of scholarship and honor, the intellectual discipline 
of excellence, that we may, each to his best limit, attack our contemporary 
plagues, medical and moral, as sons and daughters worthy of the University of 
Virginia. 
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CUTE renal insufficiency, including the syndrome of lower nephron nephrosis, 
is characterized not only by retention of nitrogenous end-products but also by 
profound disturbance in fluid and electrolyte metabolism. Thorough understanding 
of the underlying pathophysiology is essential for the correct management of these 
patients. Bywaters * renewed interest in the syndrome of acute renal insufficiency 
with his description of azotemia following crushing injuries. The pathologic changes, 
the pathogenesis, and the clinical picture have been summarized recently by Burch 
and Ray,? Muirhead,’ Strauss,‘ and Lucke.° 
Since the maintenance of fluid and electrolyte equilibrium during the critical 
oliguric and early diuretic phase of lower nephron syndrome appears distinctly to 
influence the fatality rate, an effort has been made to study the nature of disturbances 
in these equilibria. Complete metabolic studies of sodium, potassium, chloride, . 
nitrogen, and water balance were made in 5 cases of severe acute renal insufficiency 
for periods of 6 to 23 days, and sodium and water balances were studied for longer 
periods in these cases and in 13 additional cases. 


This study was supported by grants from the National Heart Institute and the Michigan 
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METHODS 


Extracellular and intracellular partition of water was determined by the methods of Elkinton, 
Winkler, and Danowski*® and Darrow,’ using the chloride balance as an index of extracellular 
changes in water. The changes of intracellular electrolyte content were determined by subtracting 
the extracellular balance from the total external balance. In the case of potassium, the intra- 
cellular balance was calculated with and without allowance for protein metabolism. One gram 
of anabolized or catabolized nitrogen was considered to be associated with 3.0 mEq. of 
potassium.’ Initial extracellular volume was estimated as 20% of the body weight.® Insensible 
loss of water was determined from insensible loss of weight in one patient (Case 2) and was 
estimated as 17 to 19 ml. per kilogram of body weight per day in the other four patients.1° 
None of the patients had diarrhea or frequent stools during the metabolic study period, so that 
stools were not analyzed. 

Sodium and potassium in the plasma and urine were determined either by the spectro- 
graphic?! or by the flame photometric!? method. Chloride was analyzed by Sendroy’s 
gasometric method.13 Nitrogen was determined by micro-Kjeldahl digestion and distillation. 

In four of the patients serial determinations were made of glomerular filtration rate, using 
mannitol,!5 and of renal plasma flow and tubular mass, using p-aminohippurate.1® Renal biopsy 
specimens were obtained in two cases. 


REPORT OF CASES 


Case 1.—P. J., a 37-year-old Negro man, was admitted on March 16, 1949, in diabetic coma 
of approximately 12 hours’ duration. Gradually increasing polyuria, polydipsia, weakness, and 
weight loss had been present for one year, but no history of recent vomiting, abdominal pain, or 
acute infection was elicited. The past history revealed no hypertension, renal disease, or tuber- 
culosis. There was no family history of diabetes or hypertension, 

Results of Physical Examination—Physical examination revealed a patient in deep coma and 
shock, with a blood pressure of 80 mm. Hg systolic and 30 mm. diastolic. Respirations were 


regular and deep, with acetone odor on the breath. The skin was dry and poor in turgor. 
The eyeballs were soft. Funduscopic examination disclosed an essentially normal condition. 
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The lungs were clear to percussion and auscultation. The heart was normal in size, and further 
examination showed no abnormality except the rate of 120. The abdomen and extremities were 
normal. 

Initial Laboratory Data.—Initial laboratory studies showed glycosuria (4+) and acetonuria 
(4+). Blood sugar was 612 mg. per 100 ml. Plasma carbon-dioxide-combining power was 
12 vol.%. 

Clinical Course—The diabetic coma was complicated by acute renal insufficiency from lower 
nephron nephrosis. The three classic stages*® were easily distinguishable. The stage of shock 
persisted for vight hours after admission to the hospital; complete anuria accompanied shock and 
lasted for eight additional hours. The stage of oliguria covered 12 days; the last 2 days of this 


TABLE 1.—IJntake and Output Data in Case 1 


Blood 
Output Urine Plasma Concen- 
—S ————_—_ —~——————, Concentration, Concentration, i 
mEq. mEq./L. Mg./ 
MI. ——_———_ Gm. -————-*~—_,, 100 M]. ——“ 
H20 Cl N K | N Na K 
0 0 0 ae oi ee “he eon osee 
125 3 : 2 0.5 3 { 4.04 
250 ‘ 10 1.0 5i y 35 4.32 
260 g 7 
300 
400 
250 
300 
400 
650 
650 
1,200 
2,000 
3,700 
5,000 
7,500 
8,025 
7,900 
7,900 
7,700 
6,500 
5,300 
7,300 
7,050 
6,900 
7,700 
7,900 
6,100 
6,500 
5,700 
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period actually represented 1 transitional phase, during which there was an abrupt increase’ in 
the 24-hour urinary volume. The stage of diuresis was profound and prolongéd, lasting ‘29 days: 
Metabolic balances of water, sodium, potassium, chloride, and nitrogen were determined during 
the first 21 days in the hospital, and studies of water balance and sodium and potassium 
excretions were continued for 8 and 4 additional days, respectively. The metabolic data are 
presented in Tables 1 and 2. The ensuing comments on the clinical course are limited to 
observations not covered in, and to generalizations from, the tables. Specific renal-function tests 
were performed on the 21st and 41st days of illness. The results are presented in Table 3 and 
are interpreted in the comment. 

Stage of Shock: The patient remained in coma and in shock for eight hours, with blood 
pressure in the vicinity of 80/30. In the course of this eight-hour period, he received a total 
of 1,500 ml. of plasma, 3,000 ml. of isotonic sodium chloride solution, 1,000 ml. of 5% dextrose 
solution in water, and 400 units of crystalline insulin. The first evidence of a therapeutic response 
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was noted nine hours after admission, when the blood pressure rose to 100/68 and coma was 
replaced by stupor. Hydration of the skin and subcutaneous tissue was much improved. Ace- 
tone was still detectable on the breath. Blood sugar had fallen to 308 mg. per 100 ml., and 
carbon-dioxide-combining power had risen to 35 vol.%. 

Stage of Oliguria: After the administration of 1.15 gm. of potassium chloride during the 
10th hospital hour, the blood pressure rose sharply and the patient regained consciousness. The 
blood pressure ranged from 190/90 to 170/90 during the remainder of the oliguria phase but 
fell to normal with the advent of diuresis. The first urine was recovered during the 17th hour. 
Acetonuria disappeared by the 20th hour; blood sugar had fallen to 130 mg. per 100 ml. and 
carbon-dioxide-combining power had risen to 52 vol.% by the end of the first day. During the 


TABLE 2.—Acute Renal Insufficiency Following Diabetic Coma and Peripheral Vascular 
Collapse: Metabolic Data in Case 1 








Period 

Days 

Plasma concentration, mEq./1 
Chloride 


Total balance 
Extracellular balance} 
Intracellular balance 


Chloride balance, mEq./period 


Output 
(Average ne concentration, mEq./l.).. 
Total balance 
Sodium balance, mEq./period 
Intake 


(Average urine concentration, 

Total balance 

Extracellular balance 

Intracellular balance 
Potassium balance, mEq./period 

Intake 


(Average urine concentration, 

Total balance .... 

Extracellular 

Intracellular (total) 
(associated with nitrogen)... 
(true) 

Nitrogen balance, gm./period 

Intake 

Output 

(Average urine concentration, mg./ 

Total balance 

Nonprotein nitrogen balance 

True balance 


* Estimated as 19 ml. per kilogram of body weight per day. 
+t Estimated as 17 ml. per kilogram of body weight per day. Se 
t Based upon estimate of 16 liters (20% of body weight) as the initial extracellular volume. 


next 11 days, the blood sugar was generally between 300 and 600 mg. per 100 ml., but little 
glucose was lost in the urine because of the oliguria and a renal threshold of approximately 
400 mg. per 100 ml. The average insulin dose from the 2d to the 12th hospital day was 175 units 
daily, indicating moderate insulin resistance. The urine and breath were consistently free of 
acetone during this entire period, but a progressive uremic acidosis developed, marked by rise 
in blood nonprotein nitrogen to 200 mg. per 100 ml. and a fall in plasma carbon-dioxide-combining 
power to 14 vol.% on the 13th day. However, the high insulin requirements were probably 
independent of the uremia or the accompanying depletion of alkali reserve, because the blood 
sugar fell to 96 mg. per 100 ml. on the 13th day and to 45 mg. on the 15th day, while blood 
nonprotein nitrogen and carbon-dioxide-combining power were still maintained at 190 mg. 
per 100 ml. and 16 vol.%, respectively. Since the urine was consistently free of glucose during 
this period, the hypoglycemia was attributed to abrupt return of insulin sensitivity. 
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The data in Table 1 indicate a retention of water and electrolyte throughout the 12 days of 
oliguria, accompanied with progressive hyponatremia and hypochloremia. The factors responsible 
for the pronounced deviations will be brought out in the comment. The retained fluid led to 
marked peripheral edema and accumulated chiefly in the right arm, as the result of intercurrent 
thrombophlebitis. Hypokalemia developed during the first four days, as the result of the combined 
effects of cellular uptake of potassium,!7 expansion of extracellular volume, and failure of renal 
conservation.18 Although overcorrected by too large a dose of potassium on the sixth day, a 
subsequent rise to toxic blood levels was prevented by drastic restriction of potassium intake, 
supplemented by the same factors that originally produced hypokalemia. 

Stage of Diuresis: The marked polyuria led to the complete evacuation of edema, followed 
by extracellular and intracellular dehydration. The copious diuresis that continued for 29 days 
resulted from impaired tubular reabsorption of water, as shown by results of specific renal 
function tests on the 21st and 41st days and by the effects of an attempt at water restriction 
on the 27th and 29th days. Although the patient was in a normal state of hydration on these days, 
restriction of water intake to 3,900 and 3,200 ml. did not modify the urinary output, which 
amounted to 6,100 and 5,700 ml., respectively. Diuresis of water was not due to depression of 
posterior pituitary function, since administration of vasopressin (pitressin®) failed to decrease 


TaBLe 3.—Results of Specific Renal-Function Studies * 








‘ ee ~ rn > o 7 oC 
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*GFR is glomerular filtration rate; RPF, renal plasma flow; RBF, renal blood flow; FF, filtration 
fraction; TmPAH, maximum tubular excretory capacity for p-aminohippurate. 


the rate of urine flow or change urinary specific gravity. Prolongation of the experimental 
fluid restriction was not feasible because of recurrence of signs of dehydration. Although renal 
homeostasis of sodium and chloride was not regained until the 3lst day, the plasma concentra- 
tions of both electrolytes rose progressively because of relatively greater losses of water than of 
sodium or chloride. Urinary concentrations of potassium were maintained at an average of 
10 mEq. per liter during the first 10 days of diuresis, but total losses were high because of 
polyuria. Since intake was not increased sufficiently to compensate for the losses, the plasma 
potassium fell progressively to reach 2.9 mEq. per liter on the 23d day. The hypokalemia was 
subsequently corrected by a considerable increase in potassium intake. The diabetes was well 
controlled throughout the diuretic phase. Insulin dosage was reduced to 80 units on the 15th day 
and was maintained at an average of 45 units daily from the 20th day until discharge. 

Case 2—E. L., a 41-year-old Negro mechanic, was admitted to the hospital on Jan. 4, 
1949, because of melena, weakness, and syncope. He gave a typical history of duodenal ulcer 
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for one year and had had recurrent vomiting and melena for two months, resulting in increasing 
exertional dyspnea and fatigue. During the week prior to hospitalization, the epigastric distress 
was more pronounced, vomiting was incessant, and repeated tarry stools were passed, leading to 
progressive weakness and, finally, collapse in a syncopal attack. The past history revealed no 
renal disease or hypertension. 

Results of Physical Examination.—Physical examination revealed an extremely pale, moder- 
ately dehydrated man in mild peripheral circulatory ccllapse. The biood pressure was 98 mm. 
systolic and 50 mm. diastolic. Funduscopic examination gave negative results except for marked 
retinal pallor. Scattered sibilant and consonating rales were heard throughout both lung fields. 
There was no evidence of consolidation. The heart was not enlarged, but a soft systolic murmur 
was audible over the apex. The abdomen was normal. There was no ankle edema. Rectal 
examination revealed a tarry stool, which gave a strongly positive reaction to the benzidine test. 

Initial Laboratory Data—lInitial laboratory studies revealed a hemoglobin value of 2 gm. 
per 100 ml. and a red blood cell count of 1,000,000 and a leucocyte count of 29,000 per cubic 
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millimeter. The blood nonprotein nitrogen was 260 mg. per 100 ml. Roentgenographic exami- 
nation of the chest revealed signs of early pulmonary edema in the hilar zones. 


Clinical Course.—After the administration of 1,000 ml. of blood and 1,000 ml. of 5% dextrose 
in saline solution on the first hospital day, the blood pressure rose to 110 mm. systolic and 
68 mm. diastolic, and signs of shock disappeared. After further transfusions of 500 ml. of blood 
on the second and third days, the hemoglobin value reached 8.0 gm. per 100 ml. Bleeding did 
not recur. 

The bronchitis and pulmonary congestion present on admission became complicated by physical 
and roentgenographic signs of bronchopneumonia on the fifth hospital day. The blood culture 
taken on the third day was positive for pneumococcus. An excellent response followed penicillin 
therapy, with defervescence on the sixth day. 

Severe oliguria was present for two days and moderate oliguria for one day; diuresis began 
on the fourth day. The blood urea continued to rise, reaching 280 mg. per 100 ml. The blood 
creatinine, meanwhile, had attained a plateau of 19.8 mg. per 100 ml. Beginning with the seventh 
day, the urine volume and the nitrogen excretion were sufficient to permit a progressive fall in 
blood nonprotein nitrogen and creatinine. Normal nonprotein nitrogen levels were attained on 
the 17th day. Specific renal function studies were performed on the 18th, 57th, and 149th days. 
The results are given in Table 3 and are interpreted in the discussion. 
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Metabolic balances of water, sodium, chloride, potassium, and nitrogen were carried out during 
the first 10 days of hospitalization. The data are presented in Table 4 and will be discussed 
later. 

Renal Biopsy.—A biopsy specimen of the kidney was obtained on the 87th day, after the 
completion of gastric resection for chronic duodenal ulcer. The sections showed dilatation of 
proximal and distal convoluted tubules and granularity and vacuolation of the cytoplasm. These 
changes were considered acute and were attributable to the three-hour operative trauma preceding 
renal biopsy. No evidence of residual glomerular or tubular damage referable to the episode of 
renal insufficiency three months previously was demonstrable. 

Case 3—L. R., a 44-year-old Negro woman, was admitted in shock, with a full-term 
pregnancy, to Herman Kiefer Hospital on Oct. 27, 1948. Each of 10 pregnancies since 1922 
was complicated by hypertension, and after the last pregnancy, in 1942, hypertension had become 
permanent. During the last trimester of the present pregnancy, the patient had noted inter- 


TABLE 5.—Intake and Output Data in Case 3 
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mittent mild ankle edema, headaches, nausea, vomiting, and blurred vision. There were no other 
symptoms until 12 hours before admission, when she began to feel weak and dizzy. She had 
had vaginal bleeding for four hours and was in shock on arrival at the hospital. 

Physical Examination—This revealed an obese pregnant woman in shock. The blood 
pressure was 118 mm. Hg systolic and 78 mm. diastolic. The pulse rate was 100 per minute. The 
fundi showed Grade II hypertensive arteriolar narrowing. The heart was enlarged and irregular 
in rhythm. Crackling rales were present at both lung bases. The uterus was firm and enlarged 
to the size of full-term pregnancy. Fetal heart tones were not audible. A slight amount of 
vaginal bleeding was present. There was a Grade III edema of the lower extremities. 

Initial Laboratory Studies——Urinalysis showed a 3+ reaction for albumin. The red blood 
cell count was 3,050,000 and the hemoglobin content, 9.0 gm. per 100 ml. The serum albumin 
was 3.37 gm. and serum globulin 3.19 gm. per 100 ml. Blood nonprotein nitrogen was 41 mg. 
per 100 ml., plasma chloride, 105 mEq. per liter, and plasma carbon-dioxide-combining power, 
43.8 vol.%. 

Course.—Shock was successfully combated by a 1,000-ml. blood transfusion, supplemented 
by 2,000 ml. of fluid given parenterally. After this, the blood pressure rose irregularly from 
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118/76 to 230/130. On the second hospital day, a full-term stillborn infant was delivered manually. 
An estimated 1,500 ml. of clotted blood was expressed from the uterus. The placenta showed 
unquestionable evidence of premature separation. The blood pressure again fell to 150 mm. 
systolic and 110 mm. diastolic, and 1,500 ml. of blood was required to replenish the blood loss 
and maintain the blood pressure. Marked oliguria was present for three days, with the blood 
nonprotein nitrogen rising to 56 mg. per 100 ml. Spontaneous diuresis began on the 4th day, 
but in spite of this the blood nonprotein nitrogen continued to rise, reaching the level of 115 mg. 
per 100 ml. on the 6th day and 156 mg. on the 10th day. The blood nitrogen then fell pro- 
gressively, to reach a normal level on the 24th day. Hypertension was maintained during the 
week following recovery from shock. With continued bed rest, the blood pressure fell within 
the normal range between the 10th and the 20th days but became moderately elevated after 
resumption of activity. 

Determinations of water, sodium, potassium, chloride, and nitrogen balance were carried 
out between the 4th and the 9th hospital days, and studies of water and sodium balance were 
continued through the 23d day. The more significant data are presented in Table 5 and will be 
discussed later. Specific renal function studies were undertaken on the 10th, 16th, 22d, and 
106th days of illness. The results are given in Table 3 and are interpreted in the comment. 

Case 4.—J. W., a 38-year-old Negro male factory worker, was admitted to the hospital on 
Nov. 9, 1948. The present illness began about four weeks prior to admission with general 
malaise, muscle aches, fever, and night sweats. A cough appeared shortly and was productive 
of a thick yellow sputum, containing no blood. On Nov. 1 a local physician made a diagnosis of 
pneumonia and prescribed “sulfa tablets,” which the patient took regularly for five days. On 
Nov. 3 dysuria and frequency developed, but no hematuria was observed. Pleural pain appeared 
in the right side of the chest on Nov. 5. Repeated hiccoughing was present for one week and 
finally led to hospitalization. The past history disclosed no nephritis or hypertension. 

Results of Physical Examination.—Physical examination revealed fever, dyspnea, and dehy- 
dration, but no evidence of shock. The blood pressure was 130/75. There was no funduscopic 
evidence of hypertension. There were typical physical and roentgen signs of consolidation of the 
right middle and lower lobes. The heart was normal in size, and there was no evidence of left 
ventricular hypertrophy. The liver edge was palpated 4 fingerbreadths below the right costal 
margin but was not tender. There was bilateral costovertebral-angle tenderness. The right 
kidney was palpable and tender. 

Initial Laboratory Data.—Initial laboratory studies revealed the following: The hemoglobin 
concentration was 7.5 gm. per 100 ml.; red blood cells, 3,160,000; white blood cells, 45,000, with 
96% polymorphonuclear leucocytes. Urinalysis showed a specific garvity of 1.012, a 3+ 
reaction for albumin, innumerable white blood cells, and 100 red blood cells per high-power 
field. Sulfonamide crystals were not seen. The blood nonprotein nitrogen was 226 mg. per 
100 ml. The icterus index was 8.8 units. 

Course.—Because of the clinical and roentgenographic signs of pneumonia, the patient was 
given penicillin and sulfadiazine with sodium bicarbonate. Upon discovery of the azotemia, 
sulfadiazine treatment was stopped, after a total dose of 14 gm. had been given in 48 hours. The 
blood sulfadiazine level on the second day was 21 mg. per 100 ml. Penicillin and sodium 
bicarbonate administration was continued and led to defervescence on the fifth hospital day. 
Serial roentgenograms of the chest showed complicating atelectasis of the right middle lobe, with 
delayed but eventually complete resolution. 

The hemoglobin concentration fell to 4.7 gm. per 100 ml. on the fourth hospital day. The 
presence of a sulfonamide hemolytic anemia was suspected and substantiated by a 250-mg.-per-day 
fecal urobilinogen excretion, which was definitely high for the amount of circulating hemoglobin 
present. Blood transfusions were given on the 3d, 5th, and 20th hospital days, and the hemo- 
globin concentration rose slowly to reach 9.5 gm. per 100 ml. on the 20th day and 11.4 gm. on 
the 40th day. The eosinophil count increased to 10% on the 27th day. 

There was moderate oliguria for three days, and the blood nonprotein nitrogen rose to 
263 mg. per 100 ml. Urine output increased steadily from the fourth day, but the blood non- 
protein nitrogen continued to rise until the sixth day, when it attained a peak of 293 mg. per 
100 ml. Thereafter, blood nonprotein nitrogen steadily fell, to reach normal levels on the 
23d day. Studies of sodium, potassium, chloride, nitrogen, and water balance were carried out 
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from the fourth to the ninth days, inclusive, and results are presented in Table 6. Insensible 
loss of water was determined according to the method of Newburgh, Johnson, and Newburgh.!® 

Albuminuria persisted for 38 days, and microscopic hematuria lasted until the 42d day. 
Blood pressure readings remained within normal limits except for a transient elevation on the 
24th day to 170 mm. Hg systolic and 100 mm. diastolic. The patient’s condition improved 
gradually, and he was discharged on Dec. 23, 1948, the 44th day. 

The patient returned to the outpatient department on the 77th day, at which time he was 
asymptomatic except for mild ankle edema and hypertension (blood pressure 200 mm. systolic 
and 120 mm. diastolic). Urinalysis revealed no albumin or red blood cells. 

Specific renal function studies were carried out on the 13th, 23d, and 77th day. The results 
are presented in Table 3. 


TABLE 6.—Acute Renal Insufficiency Due to Sulfonamide Sensitivity and Intoxication: 
Metabolic Data in Case 4 








Period 
Days 
Plasma concentration, mEq./1. 
Chloride 
Sodium 
Potassium 
Blood nonprotein nitrogen, mg./100 ml 
Water balance, ml./period 
Intake 


Insensible loss* 
Total balance 
Extracellular balance 
Intracellular balance 
Chloride balance, mEq./period 
Intake 
Output 
Total balance 
Sodium balance, mEq./period 


Total balance 
Extracellular balance 
Intracellular balance 
Potassium balance, mEq./period 
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Output 
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Extracellular 
Intracellular (total) 
(associated with nitrogen)... 
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Nitrogen balance, gm./period 
Intake 
Output 
Total balance 
Nonprotein nitrogen 
True balance 


* Determined from insensible loss of weight 


Attention is directed to the filtration fraction of 0.09 found on the 13th day and that of 0.08 
on the 23d day. Although an error from tubular reabsorption of mannitol could not be positively 
excluded, the constancy of the filtration fraction in the face of a rising maximal tubular 
excretory capacity (Tm) pointed to an underlying glomerular lesion. The subsequent rise in 
filtration fraction to 0.27 on the 77th day could be correlated with the development of hyper- 
tension and was presumably referable to efferent arteriolar constriction. 

Renal Biopsy.—A renal biopsy specimen was obtained on the 34th hospital day by Dr. J. 
Glen, of the Department of Urology. The nature of the lesion is shown in the photomicrograph 2° 
reproduced in Figure 1. The small arteries and preglomerular arterioles showed definite intimal 


19. Newburgh, L. H.; Johnson, M. W., and Newburgh, J. D.: Some Fundamental Principles 
of Metabolism, Ann Arbor, Mich., Edwards Brothers, Inc., 1945. 
20. Dr. Tomiharu Hiratzka, of the Department of Pathology, made the photomicrograph 


and interpreted the renal sections in this case and in Case 2. 
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thickening and reduplication, but no hyalinization or perivascular infiltration. There was a 
uniform glomerular involvement, characterized by proliferation of endothelial cells and thicken- 
ing of the basement membrane, together with a focal periglomerular infiltration of lymphocytes. 
The tubules showed no significant abnormality. The renal vascular and glomerular lesions were 
typical of those associated with sulfonamide sensitization?! and differed from those in acute 
glomerulonephritis. 

Case 5.—S. M., a 31-year-old woman with a pregnancy of seven and one-half months’ duration, 
was admitted to Herman Kiefer Hospital on Sept. 12, 195° after seven hours of vaginal bleeding 
and three hours of labor pains. Each of seven previous pregnancies was carried through to 


Fig. 1 (Case 4).—Acute renal insufficiency due to sulfonamide sensitivity. Photomicrograph 
of renal biopsy specimen obtained on 34th hospital day, illustrating endothelial proliferation and 
basement-membrane thickening of glomerular capillary and reduplication of intimal layers of 
a small renal artery. X 135. 


term and to normal delivery. Only the first pregnancy was complicated by a transient hyper- 
tension. There was no history or clinical symptom of toxemia during the present pregnancy. 

Results of Physical Examination.—The blood pressure on admission was 115 mm. Hg systolic 
and 72 mm. diastolic. The fundi were normal. The heart was not enlarged but displayed a 
soft systolic apical murmur. There was mild bleeding from the vagina. Strong uterine contrac- 
tions recurred every three minutes. 


21. Rich, A. R., and Gregory, J. E.: The Experimental Demonstration That Periarteritis 
Nodosa Is a Manifestation of Hypersensitivity, Bull. Johns Hopkins Hosp. 72:65-88, 1943. 
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Initial Laboratory Studies.—Urinalysis was negative for albumin and cells. The red blood 
cell count was 3,150,000. The blood nonprotein nitrogen was 31 mg. and total serum protein, 
5.3 gm. per 100 ml.; plasma chloride was 83 mEq. per liter. 

Course During Stage of Shock—Three hours after admission, the patient suddenly lapsed 
into coma and soon afterward passed several large clots of blood. Breathing was stertorous, and 
a blood pressure reading was unobtainable. Oxygen was administered, and 1,000 ml. of 10% 
dextrose in water was given intravenously. The blood pressure returned within 15 minutes 
to 110 mm. systolic and 70 mm. diastolic. This was followed by spontaneous delivery of a living 
female infant and then by expulsion of the placenta. There was evidence of premature separation 
and retroplacental hematoma. The patient regained consciousness, but uterine bleeding continued 
in spite of administration of 2 ml. of ergonovine maleate and 3 mg. of oxytocin injection 








TasLe 7.—Intake and Output Data in Case 5 
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(pitocin®). The blood pressure fell to 0, and 1,500 ml. of compatible Type “O” Rh-negative 
blood was given, exhausting the bank of blood of this particular group, identical to that of the 
patient. When the blood pressure remained at 0, further transfusions were necessary, and 
1,000 ml. of Type “O” Rh-positive blood was given. There was no apparent reaction to these 
transfusions. Another 500 ml. of Type “O” Rh-negative blood became available and was given 
to the patient. Bleeding was finally controlled, and the blood pressure returned to 90/60 
approximately five hours after onset of shock. The urine obtained 12 hours later was reddish- 
brown and contained hemoglobin. Jaundice did not appear at any time. 

Subsequent Course—The oliguric stage lasted for 15 days. For descriptive purposes, this 
was divided into an early phase, extending from the Ist through the 8th day; a late phase, from 
the 9th through the 13th day, and a transitional stage, on the 14th and 15th days, during each 
of which a successive doubling of urinary output was observed. Diuresis lasted eight days and 
was divided into an early diuretic phase, extending from the 16th through the 19th day, and 
a late phase, extending from the 20th through the 23d day. The significant clinical observations 
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are described below; the results of metabolic studies, including balances of water, sodium, 
potassium, chloride, and nitrogen, carried out from the 9th through the 23d day, are presented in 
Table 7 and in Figure 2. 

Early Oliguric Phase: During the first four days, the average fluid intake was 3,206 ml. 
per day, and the average urinary output, only 136 ml. per day. This produced considerable water 
retention, which continued at a slower pace during the next four days, resulting in progressive 
edema. There was concomitant dilution of extracellular electrolyte, the plasma chloride falling 
to 61.8 mEq. per liter and sodium to 121 mEq. on the eighth day. The patient became mentally 
clear after recovery from shock and had no specific complaints until the fourth hospital day, 





SM3lyrF DAYS 6 8 10 12 14 16 18 20 22 24 28 30 


4 
INTAKE 500) 120 PLASMA 
SODIUM SODIUM 


€ 1114 b oe 
soe aot | 


ae 








PLASMA 
Coed 


POTASSIUM 
mEq. /liter 


INTAKE 
POTASSIUM 
mEq. / day 

OUTPUT URINE 


4 
INTAKE wai PLASMA 


CHLORIDE go CHLORIDE 


mE ja aoe “yy, Za ‘ 
Sect eel | “ace 


oO 


1590 BLOOD 
FLUID NPN 
INTAKE 
liters /day 


URINE 
OUTPUT 


mg. % 


Seren 
SUCTION 


5 
4 
3 
2 
! 
° 
' 
2 
3 
4 





Laas Lote Trans Ma 
Early oliguric ——_oliguric ation, diate fe _ ae 


4 





ve +4 


Fig. 2 (Case 5).—Acute renal insufficiency (lower nephron nephrosis syndrome) due to 
postpartum hemorrhage and incompatible blood transfusion. Fluid and electrolyte metabolism. 


when intermittent vomiting set in, followed by progressive gaseous distention of the abdomen. 
The lucidity gave way to increasing listlessness and despondency, then to progressive disorienta- 
tion, irrationality, and confusion, culminating in a generalized convulsion on the eighth hospital 
day. A gradual rise in blood pressure from 145/80 to 160/90 was noted between the fifth and the 
eighth days, together with increasing dyspnea and peripheral edema. An intravenous infusion of 
15% dextrose in water given too rapidly on the eighth day precipitated a severe paroxysm of 
acute pulmonary edema. The patient was seen in consultation by one of us (L. T. I.), and a 
diagnosis of water intoxication was made. Dramatic relief from the dyspnea occurred after 
sedation, administration of oxygen and of aminophylline intravenously, and rapid digitalization 
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carried out on the eighth day. Although the blood nonprotein nitrogen reached 150 mg. per 100 
ml. and the blood potassium 6.6 mEq. per liter on the eighth day, neither uremia nor hyperkalemia 
was primarily responsible for the clinical manifestations because of the complete symptomatic 
relief achieved during the late oliguric phase, while blood nonprotein nitrogen and potassium 
were maintained at a virtual plateau. 

Late Oliguric Phase: The two principal problems were control of hyperkalemia and relief 
of water intoxication. The fact that the 24-hour urinary volume averaged only 188 ml. from 
the 9th through the 13th day was a handicap to the attainment of both objectives. In spite of the 
great need for elimination of potassium, the urinary concentration remained fixed at approxi- 
mately twice the plasma level (Fig. 2). Nevertheless, a drop in the plasma potassium from 7.2 
mEq. per liter on the 9th day to 6.7 mEq. on the 13th day was achieved by reduction in potas- 
sium intake to 0, by the administration of as much dextrose as possible, and by the use of 
intermittent gastric suction, which removed an average of 514 ml. of fluid daily. Water intoxica- 
tion was relieved by restriction of fluid intake to an average of 1,406 ml. per day, which was 
below the output when insensible losses are taken into consideration, as shown by gradual 
decrease in edema. Gastrointestinal symptoms disappeared; the mental state became clear, and 
blood pressure was maintained at normal levels after the 10th day. This dehydrating regimen did 
not have an adverse effect on the uremia, and the rise in blood nonprotein nitrogen concentration 
during the five-day period was limited to a mere 20 mg. per 100 ml. The inability to conserve 
sodium and chloride is shown by the high urinary concentrations in the face of low plasma 
levels, and the effect on electrolyte balance is brought out in the table. 

Diuretic Phase: The patient remained asymptomatic. Interest was centered on the changing 
water and electrolyte metabolism, presented in Figure 2 and Table 7 and discussed later. 


COMMENT 


The five cases of acute renal insufficiency reported in this communication were 
selected from a large group, in order to illustrate representative etiological types 


and to bring out some of the commoner variations in clinical course, in renal func- 
tional pattern, and in the metabolism of water, sodium, potassium, chloride, and 


nitrogen. 

The lower nephron nephrosis in Case 1 was associated with diabetic coma. The 
three classic stages were clearly defined: (1) shock, present on admission and per- 
sisting for the first eight hours in the hospital; (2) oliguria, lasting 12 days, and 
(3) diuresis, continuing 29 days. The lower nephron nephrosis in Case 2 was the 
result of exsanguination following repeated hemorrhage from a duodenal ulcer. The 
patient was in shock on admission. Profound oliguria lasted for only three days after 
hospitalization but had probably been present for several days beforehand, in view 
of the exceptionally high blood nitrogen level of 260 mg. per 100 ml. found on 
admission. The third patient suffered acute renal insufficiency as a result of abruptio 
placentae superimposed on hypertensive toxemia of pregnancy. Shock was present 
on admission and lasted five hours. Oliguria persisted for three days. The fourth 
patient sustained renal damage from sulfonamide sensitization. Shock was not 
present on admission. The stage of oliguria apparently had been ushered in by the 
effects of sulfonamides administered prior to hospitalization and persisted for three 
days after admission. The lower nephron nephrosis in Case 5 was due primarily to 
profuse uterine hemorrhage from premature separation of the placenta and was 
probably aggravated by a hemolytic transfusion reaction. The three classic stages 
were clearly defined: (1) shock, lasting five hours; (2) oliguria, persisting 15 days, 
and (3) diuresis, continuing for 8 days. 

Specific Renal-Function Studies.—Serial determinations of glomerular filtration 
rate (GFR), renal plasma flow (RPF), renal blood flow (RBF), tubular excre- 
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tory capacity for p-aminohippuric acid (Tm pan), percentage of sodium reabsorp- 
tion, and percentage of water reabsorption were carried out in four patients, and 
results are recorded in Table 3, along with calculated ratios. The interpretation of 
these data must be made with some reservation, since renal venous catheterization 
was not carried out to determine extraction ratios. Therefore, incomplete extraction 
of p-aminohippurate, as well as possible back diffusion of mannitol, could not be 
excluded as a source of error. However, the constancy of the derived values, as 
well as the clinical and biopsy correlations, gives credence to the results of these 
studies. 

The initial tubular function, as measured by Tm pay, was depressed in Cases 1, 
3, and 4 but was normal in Case 2. Depression of glomerular function was found 
in all four cases and was attributable largely to hemodynamic factors in Cases 1, 2, 
and 3, as indicated by normal or elevated filtration fraction, and to organic involve- 
ment of the glomeruli in Case 4, as suggested by low filtration fraction and proved 
on biopsy of the kidney. Renal ischemia, as measured by RBF/Tm pag ratio,” was 
present initially and persistently in Cases 1 and 2 and was subsequently demon- 
strated in the other two cases. The low ratio which persisted in Case 2 may be 
explained by a supernormal Tm pan, obtained on the 57th and 149th days. ‘Vicarious 
clearance” through defunct tubules can scarcely account for a supernormal Tm value, 
but vicarious excretion through portions of the tubule that do not usually participate 
in the secretion of foreign substances might have been responsible for the findings. 
High Tm values are not uncommon upon recovery from lower nephron nephrosis 
and may be a manifestation of tubular regeneration, which in this case was complete 
by the time of the renal biopsy on the 87th day. 

The findings in Case 3 differed significantly from those in the first two cases and 
could be correlated with the clinical evidence of long-standing vascular hypertension 
prior to the development of acute renal insufficiency. The exceptionally high 
GFR/Tm ratio on the 16th day indicated predominant tubular damage, and the 
consistently high filtration fraction reflected an attempt at compensatory mainte- 
nance of glomerular filtration by relative efferent arteriolar constriction. The greater 
degree of tubular damage in Case 3 than in Cases 1 and 2 was also manifested by 
more marked impairment of sodium reabsorption and slower ‘mprovement in this 
function. The functional pattern on the 106th day was that of a well-estapisned 
essential vascular hypertension, with evidence of renal ischemia and compensatory 
efferent arteriolar constriction. i 

The findings in Case 4 contrasted with those in all three of the preceding cases. 
The consistently low filtration fraction on both the 13th and the 23d day indicated 
that the major lesion was in the glomeruli. This was supported by the microscopic 
hematuria and by the low GFR/Tm ratio on the 23d day and was confirmed on 
renal biopsy on the 34th day. The intimal thickening and reduplication demonstrated 
in small arteries and preglomerular arterioles and the increased cellularity of the 
glomerular tufts, the thickening of the basement membrane, and the periglomerular 
lymphocytic infiltration indicated a diffuse glomerulitis and arteritis of the type 
associated with sulfonamide sensitization. The blood pressure had been essentially 
normal until the time of the biopsy but subsequently became abnormally elevated. 
The rise in blood pressure was accompanied with change in renal functional pattern 


22. Bradley, S. E.; Bradley, G. P.; Tyson, C. J.; Curry, J. J., and Blake, W. D.: Renal 
Function in Renal Diseases, Am. J. Med. 9:766-798, 1950. 
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on the 77th day to that of hypertension, namely, an increase in filtration fraction to 
0.27, a rise in GF R/Tm ratio nearly to normal, and a fall in RBF/Tm ratio. 


NITROGEN METABOLISM 

Oliguric Phase.—Blood nonprotein nitrogen levels on admission were markedly 

elevated in Cases 2 and 4, moderately elevated in Case 1, but at the upper limits of 
normal in Cases 3 and 5. 


The initial blood nonprotein nitrogen level of 226 mg. per 100 ml. in Case 4 was 
unexpectedly high in view of the absence of clinical evidence of preexistent renal 
disease, the lack of circulatory collapse, and the moderate degree of oliguria. The 
high level was the result of diffuse glomerular damage, subsequently demonstrated 
by a filtration fraction of 0.09 and by results of renal biopsy. Intravascular hemo- 
lysis may have further contributed toward the development of azotemia in this case. 


The exceptionally high blood nonprotein nitrogen of 260 mg. per 100 ml. and 
creatinine of 19.8 mg., found soon after admission in Case 2, are noteworthy, inas- 
much as no evidence of preexistent chronic renal disease was disclosed by history or 
by results of specific renal function tests and biopsy performed after recovery. The 
extreme azotemia in this case could be correlated with the history of repeated severe 
hemorrhage into the duodenum and resulted from severe ischemic depression of 
renal function that made the kidneys unable to cope with large quantities of nitrog- 
enous waste products derived from digested blood absorbed from the gastro- 
intestinal tract. 

The initial blood nitrogen concentration was normal or only moderately elevated 
in the other three cases, chiefly because of the relatively short duration of the acute 
renal insufficiency. Although Patient 3, with preexistent hypertension and toxemia 
of pregnancy, was admitted in hemorrhagic shock of comparable severity to that in 
Case 2, the blood nonprotein nitrogen was not elevated because of the short duration 
of the hemorrhage, the loss of part of the blood externally, and the relatively slow 
absorption of the remainder, which extravasated into the retroplacental space. 

The observed period of oliguria in the hospital lasted three days in Cases 2, 3, 
and 4. The blood nonprotein nitrogen concentration rose at the rate of 6.7 mg. per 
100 ml. per day in Case 2, 7.5 mg. per day in Case 3, and 12.3 mg. per day in Case 4. 
The last figure is in accord with that cited by Strauss.* However, variations would 
be expected as a result of differences in total body water and in the rate of protein 
catabolism and nitrogen excretion. This will be exemplified by an analysis of Case 1. 

The blood nonprotein nitrogen on admission in Case 1 was 97 mg. per 100 ml. 
and rose to 121 mg. in the first two days, while extracellular volume was undergoing 
tremendous expansion. From the third to the seventh day, inclusive, nitrogen intake 
was 0 and output was 4.8 gm., but blood nonprotein rose progressively to 180 mg. 
per 100 ml. as a result of the release of an average of 9.6 gm. of nitrogen daily from 
endogenous protein catabolism, secondary to a submaintenance caloric intake. From 
the 8th to the 12th day, inclusive, the blood nonprotein nitrogen rose more gradually 
to reach a peak of 200 mg. per 100 ml. The slower rise in plasma concentration of 
nitrogenous wastes during the latter part of the oliguric phase could not be fully 
accounted for by the slightly improved urinary excretion. Calculations indicated a 
slower breakdown of proteins to release an average of only 6.4 gm. of nitrogen per 
day. The decreased protein catabolism during the second metabolic period could not 
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be correlated with either carbohydrate intake or blood sugar levels but may have 
been secondary to the transfusion of 1,000 ml. of blood. 

The course of the blood nonprotein nitrogen in Case 5 was roughly parallel to 
that in Case 1. The nonprotein nitrogen rose progressively during the first week of 
oliguria from an admission level of 31 mg. to 150 mg. per 100 ml. on the eighth 
day, then rose more gradually during the second week to reach a peak of 195 mg. 
on the 15th day. It is noteworthy that the rapid rise during the first week occurred 
while the fluid intake was excessive, as indicated by the development of edema, 
whereas the slower rise during the second week occurred while the fluid intake was 
reduced by an average of 812 ml. daily, sufficient to permit a decrease in edema. 
These observations would suggest that the deliberate production of edema by 
forcing fluids is not necessary to control the rising blood nonprotein nitrogen in the 
oliguric phase of lower nephron nephrosis. The slower rate of increase in nonpro- 
tein nitrogen during the second week was due in part to (1) elimination of protein 
from the diet and increase of carbohydrate, (2) slightly greater urinary output, 
and (3) removal of small amounts of nitrogenous wastes through gastric suction. 

Diuretic Phase—The advent of the diuretic phase was not attended by an 
immediate fall in blood nonprotein nitrogen concentration. It continued to rise 
for six days in Case 3 and for two days in Case 4, and maintained a plateau for the 
first 48 hours of polyuria in Cases 1 and 5 and for 72 hours in Case 2. Thereafter, a 
progressive fall occurred in all cases, to reach the upper limits of normal within 
14 to 16 days after the onset of diuresis in Cases 1, 2, and 5 and within 20 days 
in Case 4. The blood nonprotein nitrogen was still slightly elevated at discharge, 
25 days after the onset of diuresis in Case 3. 

Increased nitrogen elimination was largely responsible for the reduction in blood 
level, but was not the sole factor in all cases, as shown by a comparison of the 
balance data during the first and the third 48 hours of diuresis in Case 4. During 
the first 48 hours, the total nitrogen intake was 16.0 gm., and output was 20.0 
gm.; however, the blood concentration rose from 263 to 293 mg. per 100 ml. 
because of the release of 18.0 gm. of nitrogen from endogenous protein breakdown. 
On the other hand, during the third period, when the total nitrogen intake was 12.2 
gm. and output was 31.3 gm., the blood nitrogen fell from 231 to 178 mg. per 
100 ml. because of the utilization of 5.4 gm. of nitrogen in protein synthesis, in 
addition to the greater urinary output. The experience in this case merely illus- 
trates the contrasting influences of protein catabolism and anabolism on the blood 
nonprotein nitrogen level in lower nephron nephrosis. These, in turn, are probably 
related to the disease state itself, as well as to the available carbohydrate sources of 
energy. Efforts to establish nitrogen anabolism by androgenic therapy ** would 
thus appear justifiable. 

Increased nitrogen elimination during the diuretic phase resulted from increase 
in urinary volume and/or rise in concentration of nitrogen in the urine. Each of 
these two mechanisms was demonstrable exclusively of the other in Cases 1 and 3. 
In Case 1 the average concentration of nitrogen in the urine was 362 mg. per 100 
ml. during the last 10 days of oliguria, but only 341 mg. during the first 5 days of 
diuresis. Hence, the markedly increased nitrogen elimination during the diuretic 


23. Merrill, J. P.; Levine, H. D.; Sommerville, W., and Smith, S., III.: Clinical Recognition 
and Treatment of Acute Potassium Intoxication, Ann. Int. Med. 33:797-830, 1950. 














204 A. M. A. ARCHIVES OF INTERNAL MEDICINE 


phase was due exclusively to the fact that the average daily urinary volume was 
5,784 ml. greater than that during the oliguric phase. On the other hand, in 
Case 3, the average daily urinary volume was 2,183 ml. between the 7th and the 
9th days, when the blood nonprotein nitrogen was rising from 115 to 156 mg. per 
100 ml., whereas the average urinary volume was 2,066 ml. between the 10th and the 
12th days, when the level was falling from 156 to 110 mg. per 100 ml. However, 
the average concentration of nitrogen in the urine was higher during the second 
than during the first period; this permitted an increase in total nitrogen output of 
almost 5 gm. and contributed toward the fall in plasma level. 

The question arises whether the abrupt increase in urinary nitrogen concentra- 
tion noted on the 10th day in Case 3 and maintained thereafter was merely a mani- 
festation of a coincidental improvement in renal function or whether it was related 
to the changes in sodium metabolism that also occurred on the 10th day. Although 
there was a gradual improvement in the renal lesion, as reflected by the increase in 
mannitol clearance between the 10th and the 16th day, the changes in concentrations 
of nitrogen and sodium in the urine and blood occurred more abruptly. Between 
the fourth and the ninth day, when the urinary nonprotein concentrations were low 
(average, 300 mg. per 100 ml.) and the blood nonprotein nitrogen level rose from 
56 to 156 mg. per 100 ml., the urinary sodium concentrations were high (average, 
88 mEq. per liter) and the plasma sodium level fell from 134 to 125 mEq. per liter. 
Between the 10th and the 15th day, when the average urinary nonprotein nitrogen 
concentrations increased to 402 mg. per 100 ml. and the blood level fell from 156 to 
85 mg. per 100 ml., the average urinary sodium concentrations dropped to 67 
mEq. per liter and the plasma sodium rose from 125 to 146 mEq. per liter. 

A comparable divergent trend in the concentrations of nonprotein nitrogen and 
sodium in urine and blood was also observed in Case 2. Between the fourth and 
the sixth day, when the urinary nonprotein nitregen was 648 mg. per 100 ml. 
and the blood level was fixed at 280 mg. per 100 ml., the urinary sodium concentra- 
tion was 56 mEq. per liter and the plasma sodium fell from 126 to 115 mEq. per 
liter; between the seventh and ninth day, when the urinary nonprotein nitrogen 
concentration rose to 770 mg. per 100 ml. and the blood level fell to 175 mg. per 
100 ml., the urinary sodium concentration fell to 37 mEq. per liter and the plasma 
level rose to 132 mEq. per liter. Concurrent fall in blood nonprotein nitrogen and 
rise in plasma sodium concentrations were also found during the diuretic stage 
in Cases 1 and 5. Although these observations suggest a quantitative reciprocal 
relationship in the elimination of nonprotein nitrogen and sodium, pure coincidence 
cannot be excluded. 


WATER, SODIUM, AND CHLORIDE METABOLISM 

Oliguric Phase—Upon the initial physical examination, signs of dehydration 
were found in four of the patients and were classed as mild in Patients 4 and 5, 
moderate in Patient 2, and severe in Patient 1, whereas considerable edema was 
present in Patient 3 and was attributed to congestive failure and toxemia of 
pregnancy. During the oliguric phase, water retention occurred in all patients, 
but was of small magnitude in the three patients with oliguric phases of short 
duration (Cases 2, 3, and 4), merely causing a slight increase in preexistent edema 
in Patient 3 and serving to restore normal hydration in the other two. On the other 
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hand, water retention was of considerable magnitude in the two patients with 
oliguric phases of 12 and 15 days’ duration and resulted in marked peripheral but 
insignificant pulmonary edema in Case 1 and moderate peripheral and severe 
pulmonary edema in case 5, thereby posing problems that require further discussion. 

Plasma chloride and sodium determinations were made during the course of the 
oliguric phase in Cases 1, 2, and 5 and at its termination in all cases. Hypochloremia 
was present throughout the oliguric phase in the three patients with serial studies 
and was found at the end of the oliguric phase in the other two patients. Hypo- 
natremia was present at the end of the oliguric phase in four of the five patients 
(all except Case 4). 

During the course of a 12-day period of oliguria in Case 1, plasma sodium and 
chloride fell progressively from respective levels of 139 mEq. and 91.6 mEq. per 
liter at the outset to levels of 104 mEq. and 60 mEq. per liter at the end, despite the 
administration of 1,200 mEq. of sodium and 884 mEq. of chloride. Repeated plasma 
sodium determinations during the last 10 days of a 15-day period of oliguria in 
Case 5 were depressed to 119+ mEq. per liter, whereas plasma chloride was 
reduced to 83 mEq. per liter on the first day, fell to 58 mEq. during the course, and 
then rose to 68 mEq. on the final day. 

A study of Cases 1 and 5 reveals that the edema, hypochloremia, and hypo- 
natremia which developed during the oliguric phase were the result of the combined 
effects of two or more of the following factors: (1) administration of excessive 
water, but relatively small amounts of sodium and/or chloride; (2) cellular uptake 
of sodium ; (3) transfer of water from the cells to the interstitial space ; (4) impaired 
renal conservation of sodium and/or chloride; (5) excessive loss of electrolytes 


through other channels, as from repeated vomiting or diarrhea. The relative 
contributions of the several factors toward the hyponatremia and hypochloremia 
vary not only in different patients but also in the same person at different times in 
the course of the oliguric stage. Some of the variations are exemplified by an 


analysis of Cases 1 and 5. 

1. Administration of Excessive Water but Relatively Small Amounts of Sodium 
and/or Chloride: During the first four days of oliguria, Patient 5 received an 
average of 3,200 ml. of fluid and 71.6 mEq. of sodium daily. Deduction of the 
calculated insensible loss of 1,078 ml. left 2,128 ml. of water and 71.6 mEq. of 
sodium available for retention or excretion through other channels. Since the 
average urinary volume was only 136 ml. daily and since gastrointestinal losses 
were small, nearly 2 liters of fluid could have been retained daily, along with a 
maximum of 71.6 mEq. of sodium or 35 mEq. of sodium per liter of water. Reten- 
tion at this rate for four days could have explained the edema developing during 
this period and the hyponatremia demonstrated on the sixth day, whereas a 
relatively low intake of chloride in respect to water could have explained the 
increasing hypochloremia. The persistence of the hyponatremia and hypochloremia 
for the remaining nine days of oliguria in case 5 was due to other factors, since 
water intake during the latter half of the oliguric phase was drastically reduced to a 
level approximately equal to the combined urinary and insensible losses. 

In Case 1 progressive hyponatremia and hypochloremia developed during the 
course of the first five days, chiefly from the administration of excess water and 
insufficient sodium and chloride. During the two-day period beginning with the 
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ninth hospital hour, the average intake per 24 hours was 4,500 ml. of fluid, 70 
mEq. of sodium, and 32 mEq. of chloride, whereas the external balance per 24 
hours was +2,813 ml. of water (allowing 1,500 ml. for insensible loss), +62 mEq. 
of sodium, and +26 mEq. of chloride. The observed fall in plasma chloride concen- 
tration from 91.6 to 72.7 mEq. per liter during this period could be explained 
entirely by the administration and retention of so much water and so little chloride. 
The observed fall in plasma sodium from 139 to 130 mEq. per liter was less than 
expected, indicating the transfer of considerable sodium from the cells to the extra- 
cellular compartment. From the third to the fifth day, inclusive, the average intake 
per 24 hours was reduced to 2,950 ml. of water, 24 mEq. of sodium, and no chloride, 
whereas the external balance per 24 hours was+1,130 ml. of water, +11.2 mEq. 
of sodium, and —8.7 mEq. of chloride. This accounted for a further drop in plasma 
chloride concentration to 60.9 mEq. per liter and led to an even greater drop in 
plasma sodium to 112 mEq. per liter, inasmuch as this ion was taken up rather than 
released by the cells. The increasing hyponatremia and persisting hypochloremia 
during the last seven days of oliguria were due to other factors, since water intake 
was kept constant and exogenous sodium and chloride were increased to a level that 
should have permitted a rise in plasma concentrations. 

The experience with Cases 5 and 1 indicates that fluid intakes of 3,206 and 
2,950 ml. daily are excessive for patients in the oliguric phase of lower nephron 
nephrosis. When fluids poor in sodium and chloride are employed, hyponatremia 
and hypochloremia result; if “physological” saline solution is employed, hyper- 
chloremia might occur as the result of the inability of the damaged kidneys to 
eliminate excess chloride. 

2. Cellular Uptake of Sodium: Patient 1 retained a total of 2,350 ml. of water 
and 288 mEq. of sodium on the sixth and seventh days of oliguria. If all retained 
water and electrolyte had remained in the extracellular compartment, a slight rise 
in plasma sodium concentration should have occurred. The observed fall in plasma 
sodium from 112 to 110 mEq. per liter indicated that 62% of the retained sodium 
and only 43% of the retained water were taken up by the cells. The concomitant 
cellular uptake of sodium may have protected against water intoxication, prone to 
complicate the rapid development of severe hyponatremia. 

3. Transfer of Considerable Water from the Cells to the Extracellular Compart- 
ment: During the last five days of oliguria in Case 1, there were positive external 
balances of 2,600 ml. of water, 387 mEq. of chloride, and 441 mEq. of sodium, 
representing proportions of 149 mEq. of chloride and 170 mEq. of sodium to the liter 
of retained water. If the extracellular compartment had expanded by these 
quantities, the plasma concentration of chloride should have increased by 9 mEq. 
per liter and that of sodium by 7 mEq. per liter. The observed fall in plasma 
chloride from 69.8 to 60.0 mEq. per liter reflected profound dilution of interstitial 
electrolyte by transfer of a large quantity of water out of the cells. The lesser fall in 
plasma sodium concentration from 110 to 104 mEq. per liter was attributable to the 
release of sodium from the cells along with water. 

4. Impaired Renal Conservation of Sodium and/or Chloride: During the latter 
part of the oliguric phase in Case 5, chloride was eliminated from the urine in 
fixed concentrations of 55 to 58 mEq. per liter, almost equal to that in the plasma, 
whereas sodium was eliminated in concentrations of 78 to 92 mEq. per liter, approx- 
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imately three-fourths of that in the plasma. The excretion of sodium and chloride in 
such high concentrations in the face of marked hyponatremia and hypochloremia 
was referable to renal damage. Renal conservation of electrolyte during the oliguric 
stage was less impaired in Case 1, as shown by urine to plasma concentration ratios 
of 1:2 for chloride and 2:5 for sodium. In spite of high concentrations of electro- 
lyte in the urine, total losses are small as long as 24-hour urinary volume is below 
200 mi. The losses become significant toward the end of the oliguric phase, as the 
volume rises to between 500 and 1,000 ml. daily, and are likely to become serious 
with the advent of the diuretic phase. 

5. Excessive Loss of Electrolyte Through Other Channels: The gastric suction 
employed during the last half of the oliguric phase in Case 5 for the purpose of 
removing potassium also contributed to the chloride and sodium depletion. Vomit- 
ing secondary to increasing uremia has a similar effect. 

The edema, hyponatremia, and hypochloremia resulting from the administration 
of excessive fluids during the oliguric phase of lower nephron nephrosis are not 
always innocuous, as shown by the experience with two of our patients. The 
retention of approximately two-thirds of a 3,206-ml. daily fluid intake, together with 
disproportionately small amounts of sodium and chloride during the first four days 
in Case 5, initiated water intoxication. This was manifested by vomiting, abdominal 
distention, rising blood pressure, increasing dyspnea, and peripheral edema, and by 
progressive mental depression and confusion during the next four days, culminating 
in a generalized convulsion and in a severe paroxysm of acute pulmonary edema on 
the eighth day. Fortunately, an excellent therapeutic response occurred to 
emergency treatment, consisting of sedation, administration of oxygen and of 
aminophylline intravenously, and rapid digitalization, followed by a dehydrating 
regimen. In spite of the restriction of fluid intake to an amount approximating the 
combined urinary and insensible loss during the last seven days of oliguria, there 
were only a moderate rise in blood nonprotein nitrogen and a slight decrease in 
the hyperkalemia, indicating that the hazardous administration of excess water was 
unnecessary in this case. The measures employed to combat hyperkalemia during 
the second week of oliguria will be discussed later. 

No clinical signs of pulmonary edema or water intoxication were found in Case 1, 
but massive edema of the arm developed in asSociation with superficial thrombo- 
phlebitis precipitated by intravenous infusions. The excessive intake of water may 
have accounted for the fact that the edema was more marked and more prolonged 
than is customary in this form of thrombophlebitis. 

Diuretic Phase-—With the advent of diuresis, the patient loses a considerable 
amount of electrolyte, as well as water. Body stores are rapidly depleted unless 
adequate provision is made for replenishment. The respective losses of electrolyte 
and water are more frequently disproportionate than parallel; for example, Patient 
1 lost more water than electrolyte, with consequent tendency toward a rise in plasma 
sodium and chloride levels, whereas Patient 3 lost more electrolyte than water, with 
resultant hyponatremia and hypochloremia. However, the change in plasma electro- 
lyte levels depended not only on the comparative external losses of electrolyte and 
water but also on their respective intakes and upon concurrent internal shifts. The 
relative contributions of these three factors toward the rise in plasma sodium and 
chloride levels observed in Cases 1 and 5 and the fall in concentrations observed in 
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Cases 2, 3, and 4 are revealed by the results of studies of water and electrolyte 
balance carried out on each patient during the first five to eight days of diuresis. 

The course in Cases 1 and 5, as contrasted with that in the other three cases, was 
characterized not only by a severer and more prolonged stage of oliguria but also 
by a much more profuse and protracted stage of diuresis. 

The polyuria began on the i3th day in Case 1 and lasted for at least 29 days. 
The 24-hour urinary volume attained a maximum of 8,025 ml. on the 16th day; 
thereafter it maintained an average of 6,740 ml. until the 41st day and gradually 
decreased to a volume of 2,200 ml. on the 57th day of illness. Before attributing 
the polyuria to the renal lesion, it was necessary to exclude diabetes mellitus, pri- 
mary polydipsia, and diabetes insipidus. The coexistent diabetes mellitus was not 
responsible, since the urine was consistently sugar-free. A primary polydipsia was 
excluded by the fact that an experimental restriction of fluid intake to 3,900 and 
3,200 ml. on the 27th and 29th days was accompanied with a 24-hour urinary output 
of 6,100 and 5,900 ml. and recurrence of the signs of dehydration. Diabetes insipi- 
dus was ruled out by the fact that vasopressin administration failed to reduce the 
rate of urinary flow or to increase specific gravity. Impairment in tubular reabsorp- 
tion of water was consistent with all clinical observations and was demonstrated 
during the course of mannitol-p-aminohippurate clearance tests, which showed 
reduction in water reabsorption to 91% on the 21st day and to 94% on the 41st day. 
Renal conservation of water gradually improved and finally became normal by the 
third month. 

Although the oliguria was severer and more prolonged in Case 5 than in Case 1, 
the succeeding diuresis was less marked and much less protracted. The polyuria 
began on the 16th day in Case 5 and lasted eight days. The 24-hour urinary volume 
attained a maximum of 5,035 ml. on the 22d day and averaged 3,965 ml. for the 
8-day period. Thus, tubular reabsorption of water was less impaired in Case 5 
and became essentially normal after the 24th day. 

Fluid intakes averaging 5 liters per day during the first five days of the diuretic 
phase in Case 1 and 4 liters per day throughout the diuretic phase in Case 5 fell 
far below the total output, as shown by negative balances of 13,800 ml. for the 
metabolic period (2,750 ml. per day) in the former case and 8,250 ml. (1,030 ml. 
per day) in the latter. Of the total fluid loss, 54% was derived from the cells in 
Case 1 and 66% was of intracellular origin in Case 5. The copious diuresis not only 
evacuated all traces of edema from both patients but led to clinical evidence of 
extracellular and intracellular dehydration in Case 1. An increase in fluid intake to 
an average of 6,570 ml. daily from the eighteenth to the 27th day, together with a 
comparable increase in exogenous electrolyte, was necessary to combat dehydration 
in this patient. 

As the urinary volume progessively increased during the first three days of 
diuresis, the urinary concentrations of electrolyte remained at the same high plateaus 
prevailing during the late oliguric phase, namely, sodium, 50 mEq. per liter in 
Case 1, 85 mEq. per liter in Case 5; chloride, 30 and 55 mEq. per liter in the 
respective cases. As a consequence, the total urinary output of both electrolytes 
during the first 24 hours of the diuretic stage was approximately double that during 
the preceding 24 hours. The inability to conserve sodium and chloride in the face 
of the marked hyponatremia and hypochloremia present in each case was referable to 
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renal tubular damage. Daily intakes of 129 mEq. of sodium and 84 mEq. of 
chloride, which had maintained positive balances during the late oliguric phase of 
Case 5, were continued for the first 24 hours of diuresis and resulted in markedly 
negative balances of both electrolytes and in a further depression of the low plasma 
chloride concentration. It is obvious that continuation of such a regimen for a 
longer period would have caused serious depletion of the already low sodium and 
chloride reserves. 

As long as polyuria persists and renal homeostasis of electrolyte is impaired, the 
proportion of electrolyte to water in the diet must be carefully controlled, preferably 
in accordance with plasma and urinary concentrations. The effects of the admini- 
stration of disproportionately small amounts of electrolyte and also of disproportion- 
ately large quantities are exemplified by the experience with chloride during the 
diuretic phase in Case 5. As mentioned above, the patient received 84 mEq. of 
chloride on the first day of diuresis (16th hospital day), which represented a 
proportion of 34 mEq. per liter of fluid intake ; during the same period she excreted 
190 mEq. of chloride, or 55 mEq. per liter of urine (42 mEq. per liter of total fluid 
output). Chloride reserves were, therefore, depleted more than body water was, 
and the plasma concentration fell from 60.4 to 56.2 mEq. per liter. Continued 
administration of chloride and water in proportions below that eliminated from the 
body would have resulted in an even more serious hypochloremia. Accordingly, 
the chloride intake during the next three days (17th to 19th, inclusive) was increased 
to an average of 486 mEq. daily, which represented a proportion of 113 mEq. to the 
liter of exogenous fluid. This caused an unusually rapid rise in plasma chlorides 
during the next 72 hours to 106.7 mEq. per liter. Because of the danger of hyper- 
chloremia from the administration of large amounts of chloride in hypertonic con- 
centration, the daily intake for the four-day period beginning on the 20th hospital 
day was sharply reduced to an average of 281 mEq., representing a proportion of 
65 mEq. of chloride to the liter of exogenous fluid. Even this proved excessive and 
resulted in an abnormal elevation of plasma chlorides to 116.1 mEq. per liter, owing 
to limitation in the capacity of the kidneys to excrete chloride. During the period 
that plasma concentrations were rising to abnormal levels, urinary chlorides were 
fixed at 60 mEq. per liter, comparable with the level found during the oliguric stage 
when hypochloremia was present. Thus, the damaged kidneys not only failed to 
conserve chloride to combat hypochloremia but also were unable to eliminate sur- 
pluses rapidly enough to prevent hyperchloremia. Gradual improvement occurred, 
and satisfactory chloride homeostasis was established by the 34th day. 

Plasma sodium concentrations were better stabilized in Case 5 by appropriate 
internal shifts and by more rapid recovery of renal homeostasis. Although sodium 
balance was more negative than chloride balance on the first day of diuresis, the 
plasma sodium level rose, owing to transfer from the cells. During the next three 
days, sodium balance was almost as strongly positive as chloride balance, but the 
rise in plasma concentration was moderated by cellular uptake of most of the 
retained sodium. Between the 20th and 24th days, satisfactory recovery of sodium 
homeostasis had occurred. Normal plasma concentrations were established and 
maintained thereafter under varying intakes by means of appropriate fluctuations in 
urinary concentration. 
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In Case 1 an adequate adjustment of electrolyte intake was not made until 
48 hours after the onset of diuresis. Nevertheless, the plasma sodium and chloride 
levels, which had fallen progressively during the oliguric phase, began to rise with 
the advent of diuresis, owing to the fact that the renal damage in this case led to a 
relatively greater loss of water than of electrolyte. During this 48-hour period, 
sodium was eliminated at the rate of 50 mEq. per liter of urine (or 38 mEq. per liter 
of total fluid output) and chloride at the rate of 30 mEq. per liter of urine (or 23 
mEq. per liter of total fluid output). From these findings, one would anticipate 
that administration of fluids containing sodium and chloride in half-isotonic pro- 
portions would be adequate to correct the hyponatremia and hypochloremia and that 
the isotonic strength employed in Case 5 would have soon caused a rise to super- 
normal levels. During the next seven days (15th to 21st hospital days), the 
patient received an average of 67 mEq. of sodium and 49 mEq. of chloride per liter 
of exogenous fluid and excreted 36 mEq. sodium and 26 mEq. of chloride per liter 
of urine, or 31 and 22 mEq., respectively, per liter of total fluid output. This 
permitted a rise in plasma chloride level from 61 to 89 mEq. per liter and a rise in 
plasma sodium from 109 to 134 mEq. per liter, together with a marked cellular 
uptake of sodium. The continued administration of electrolyte in half-isotonic 
strength for the duration of the polyuria in this case probably would have led to 
dehydration with hyperchloremia and hypernatremia, were it not for the recovery 
of chloride and sodium homeostasis during the fourth and fifth weeks, respectively. 

The plasma electrolyte concentrations in the three patients of the second group 
(Cases 2, 3, and 4) tended to fall throughout the diuretic phase, or at least during a 
portion of it. Furthermore, an accompanying transfer of sodium from the cells to 
the extracellular compartment was found in the three patients of the second group, 
whereas a marked cellular uptake of sodium was demonstrated in Cases 1 and 5. 
Significant differences in metabolism of water, sodium, and chloride were observed 
not only between the two groups but also among individual cases in each group, 
as shown in the foregoing analysis of Cases 1 and 5 and in the following résumé 
of cases 2, 3, and 4. 

During the first six days of moderate diuresis in Case 3, the plasma sodium level 
fell from 134 to 125 mEq. per liter, the chloride level from 96 to 85 mEq. per liter. 
The development of hyponatremia and hypochloremia was attributable primarily to 
impairment of renal conservation, as shown by average urinary concentrations of 
88 mEq. of sodium and 58 mEq. of chloride per liter and secondarily to failure to 
compensate for this defect by an adequate increase in dietary electrolyte. The 
plasma sodium level rose to normal between the 10th and the 15th days, as the 
result of a slight fall in urinary concentrations together with an increase in dietary 
content to an average of 155 mEq. daily. Nevertheless, normal sodium conserva- 
tion was not achieved by the time of discharge on the 28th day, since restriction 
to an intake of 72 mEq. daily during the last week in the hospital resulted in a 
markedly negative balance and a fall in plasma sodium level. The plasma chloride 
level fell slightly more than the sodium level during the first six days of diuresis 
and continued to decline to a low of 78 mEq. per liter at the final determination. 
These observations suggested an even greater impairment in chloride than in 
sodium regulation in this patient. 
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The findings in Case 2 served as a contrast, since there was much greater 
impairment in renal conservation of sodium than in that of chloride. At the advent 
of the diuretic stage, the plasma chloride level was reduced to 80 mEq. per liter 
because of vomiting, whereas plasma sodium was reduced to 126 mEq. per liter. 
During the first three days of the diuretic phase, exogenous sodium and chloride 
were withheld because of a pulmonary edema associated with pneumenia. Urinary 
concentration of chloride was reduced to an average of 13.7 mEq. per liter, as a 
consequence of which the plasma concentration decreased by a mere 2 mEq. per liter. 
On the other hand, sodium was eliminated from the urine in concentration of 56 
mEq. per liter and the plasma level fell by 11 mEq. per liter. During the next three 
days, a chloride intake of only 20 mEq. for each liter of exogenous fluid was suff- 
cient to establish a positive balance and to permit a rise in plasma concentration 
from 77.9 to 89.5 mEq. per liter, because of good renal conservation. A concurrent 
sodium intake of 19 mEq. for each liter of fluid resulted in a negative balance, 
because of urinary excretion in concentrations twice as high. Although a further 
reduction in the dangerously low plasma levels might have been predicted from the 
magnitude of the external loss, a paradoxical rise to 132 mEq. per liter was observed, 
owing to transfer of larger amounts of sodium from cells to extracellular compart- 
ment. Between the 9th and the 13th day, a positive sodium balance was established 
and normal plasma levels were restored, partly as a result of increased intake and 
partly from improved conservation, manifested by fall in urinary concentration to a 
minimum of 17 mEq. per liter. 

In Case 4, the lesion was primarily glomerular and no significant disturbance in 
sodium and chloride homeostasis was observed. A fall in plasma sodium and 
chloride occurred during the first six days of the diuretic phase, as a result of dilution 
of extracellular fluid by transfer of considerable water from the cells. 


POTASSIUM 


Oliguric Phase—The plasma concentration of potassium rose to 7.2 mEq. per 
liter in Case 5 but did not reach toxic levels in the other four cases. Patients 2, 3, 
and 4 were probably spared by the relatively short period of oliguria and the limi- 
tation of potassium intake to that present in the transfused blood. 

The problem of preventing hyperkalemia was more difficult in Case 1, because 
of the 12-day period of oliguria. The modern practice of liberal potassium admini- 
stration during recovery from diabetic coma was not carried out in this case because 
of the extreme oliguria. Potassium intake during the first four days was limited 
to 25 mEq. The total potassium made available to the body during this period 
was much greater, owing to excessive catabolism of body protein. Practically all 
the catabolically freed potassium was taken up by intact cells, presumably to correct 
a deficiency accompanying diabetic coma.** 

The plasma potassium was maintained at normal levels for the first 48 hours 
and then fell from 4.32 mEq. to 3.08 mEq. per liter between the second and the 


24. Atchley, D. W.; Loeb, R. F.; Richards, D. W., Jr.; Benedict, E. M., and Driscoll, 
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and Reestablishment of Insulin Therapy, J. Clin. Invest. 12:297-326, 1933. Butler, A. M.; 
Talbot, N. B.; Burnett, C. H.; Stanbury, J. B., and MacLachlan, E. A.: Metabolic Studies in 
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fourth day. The development of hypokalemia, despite a total four-day urinary 
output of only 935 ml., was attributable to (1) cellular uptake of catabolically freed 
potassium in glycogen synthesis, etc.; (2) dilution of extracellular potassium, as a 
consequence of a rapidly expanding volume; (3) failure of renal conservation, as 
indicated by an average urinary concentration of 31 mEq. per liter. The falling 
plasma concentration prompted the administration of 72 mEq. of potassium. After 
this, the plasma potassium rose to a level of 5.1 mEq. per liter, which was higher 
than desired in the presence of the persistent oliguria. This experience emphasizes 
the caution to be exercised in the administration of potassium to correct hypokalemia 
in oliguric patients. 

The problem thereafter consisted in the prevention of further rise in plasma 
concentration and was made more difficult by the cessation of cellular uptake of the 
potassium released by protein catabolism and by the decrease in urinary concentra- 
tion to an average of 12 mEq. per liter. Nevertheless, the rise in plasma concentra- 
tion was rendered negligible by (1) drastic limitation in potassium intake, (2) 
liberal administration of dextrose and insulin to reduce protein catabolism and to 
stimulate glycogenesis with consequent potassium deposition, (3) expansion of the 
extracellular compartment, and (4) gradual increase in urinary volume. 

The observations in Case 5 indicate that deliberate expansion of the extracellular 
compartment is not always necessary to protect against potassium intoxication in 
protracted oliguria. A progressive rise in plasma potassium concentration to 
7.2 mEq. per liter occurred during the first eight days of oliguria, when there was 
an excessive fluid intake that precipitated severe water intoxication. A gradual fall 
in plasma potassium level to 6.7 mEq. per liter occurred during the next five days of 
oliguria, when a dehydrating regimen with restricted fluid intake was employed to 
combat water intoxication. The diverse direction taken by the plasma potassium 
concentration during the early and late portions of the oliguric phase were attri- 
butable, only in small part, to differences in urinary output, since the urinary con- 
centration was fixed and the total urinary volume between the 9th and the 14th 
days was only 250 ml. greater than that during the first eight days. The other 
factors that contributed to the fall in plasma potassium level during the late oliguric 
phase included (1) reduction in potassium intake to 0, (2) administration of 
increased quantities of dextrose to minimize protein catabolism and to promote 
glycogenesis with consequent potassium deposition, and (3) gastric lavage and 
suction to remove potassium secreted into the upper gastrointestinal tract. In the 
future, use of the artificial kidney will probably replace gastric or intestinal suction. 

Diuretic Phase-——The plasma potassium concentration remained normal during 
the diuretic phase in Cases 3 and 4, as a result of adequate homeostasis on a mod- 
erate intake. The contrast in Case 3 between the marked impairment in renal 
conservation of sodium and the adequate regulation of potassium is noteworthy and 
constitutes another example of the individuality of the renal functional disturbances 
during recovery from lower nephron nephrosis. 

Hypokalemia developed during the polyuric phase in the remaining patients 
(Cases 1, 2, and 5) and was attributable to the combined effects of the following 
factors: (1) excessive losses from increased urinary volume and/or high urinary 
concentrations; (2) inadequate replenishment as a result of low intake and/or 
failure of transfer of cellular potassium to the extracellular compartment. Losses 
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through extrarenal channels were insignificant. The relative contributions of the 
other factors toward the hypokalemia varied in different patients, as will be brought 
out by an analysis of balance data. 


The plasma potassium in Case 1 fell from 5.34 to 3.57 mEq. per liter during the 
first five days of diuresis, whereas the level in Case 2 dropped from 5.4 to 3.3 mEq. 
per liter during the first three days of diuresis. The background for the rapidly 
developing hypokalemia was excessive urinary loss in both cases, but the major 
factor in the renal wastage differed. The excessive urinary losses in Case 2 were 
attributable more to impairment in renal conservation than to polyuria, as shown 
by a high fixed urinary concentration of 42 mEq. per liter (approximately 10 times 
the plasma level), but only a moderately increased volume, averaging 2,115 ml. 
daily ; on the other hand, the losses in Case 1 were attributable more to the exces- 
sive polyuria (urinary volume averaging 6,425 ml. daily) than to elevated urinary 
concentration, which was fixed at 10 mEq. per liter, or twice the plasma level. The 
development of hypokalemia was also favored in both cases by the failure to admini- 
ster sufficient potassium to keep pace with the output, an adjustment that should 
have been made as soon as the plasma level fell to 4 mEq. per liter. A critical 
reduction of plasma potassium was prevented in Case 1 by the release of 145 mEq. 
of potassium from protein catabolism and in Case 2 by the release of 128 mEq. from 
protein catabolism, together with the transfer of an additional 107 mEq. out of 
intact cells. 

The excessive urinary losses of potassium continued for another three days in 
Case 2 and were even greater than during the first three-day period because of a 
marked increase in the urinary volume to an average of 3,687 ml. per 24 hours but 
only a minor reduction in urinary potassium concentration to 32 mEq. per liter. The 
intake of 58 mEq. daily was less than half of that needed to maintain external balance 
in equilibrium. Fortunately, the intact cells gave up sufficient potassium not only to 
prevent further hypokalemia but even to permit a rise in plasma concentration to 
3.8 mEq. per liter. The dietary error was rectified on the 10th hospital day (7th day 
of diuresis) by increase in intake to 134 mEq., and a spontaneous recovery of renal 
conservation occurred during the course of the next four days, permitting main- 
tenance of normal plasma concentrations thereafter. 

The excessive urinary losses in Case 1 continued for another four days and, as 
in the early diuretic phase, resulted from the excretion of large volumes of urine 
(averaging 6,850 ml. daily), containing potassium in concentrations of 9 to 12 
mEq. per liter, approximately three times the plasma level. Daily potassium sup- 
plements of 39 mEq. and 72 mEq. proved insufficient to prevent a progressive 
decline in plasma level to 3.2 mEq. per liter on the 21st day (9th day of diuresis), 
then to 2.9 mEq. per liter on the 23d day. In spite of persisting polyuria, the 
urinary output averaging 7,370 ml. per day, continued administration of the potas- 
sium supplements, together with a declining concentration of urinary potassium to 4 
mEq. per liter, resulted in a rise in plasma potassium to 3.6 mEq. per liter on the 
27th day and then to 4.5 mEq. per liter on the 29th day. 

Patient 5 entered the diuretic phase with hyperkalemia (potassium level of 6.8 
mEq. per liter). The urinary concentrations of 18 to 20 mEq. per liter that had 
prevailed in the late oliguric phase were maintained for the first six days of diuresis. 
These concentrations were advantageous for the first four days because they 
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facilitated correction of the hyperkalemia; however, the fall in plasma potassium 
level was irregular and not directly correlated with the magnitude of the external 
loss of potassium. A negative external balance of 90 mEq. during the first 48 
hours produced a relatively slight drop in plasma level from 6.8 to 6.2 mEq. per 
liter. Calculations indicated that only 19% of the total potassium losses during this 
period came from the shrinking extracellular compartment. On the other hand, 
external losses of only 30 mEq. of potassium during the next 48 hours were 
accompanied with a precipitous drop in plasma level to 3.9 mEq. per liter. Calcula- 
tions indicated that the entire loss came from the extracellular compartment. These 
observations, together with those on the fifth and sixth days of diuresis, exemplify 
the dependence of plasma potassium concentration on internal shifts. Although the 
high urinary losses continued, an increase in exogenous potassium intake to 102.5 
mEq. daily succeeded in establishing a positive external balance of almost 30 mEq. 
for the 48-hour period. Nevertheless, the plasma level fell to 3.5 mEq. per liter, 
indicating the shift of significant amounts of potassium from the extracellular com- 
partment into the cells. Marked improvement in renal conservation of potassium 
was observed on the 22d day (7th day of diuresis), permitting restoration of plasma 
level to normal, and adequate homeostasis was maintained thereafter. 


SUMMARY 


Metabolic balances of water, sodium, potassium, chloride, and nitrogen were 
determined in five cases of severe acute renal insufficiency for periods of 6 to 23 
days ; extracellular and intracellular partition of water was calculated from chloride 


balance. Serial determinations of glomerular filtration rate, renal plasma flow, 
tubular mass, and sodium and water reabsorption were made in four patients. 

The acute renal insufficiency resulted from sulfonamide intoxication in one 
case. Results of renal function tests during the azotemic phase, were indicative of 
a primary glomerular lesion, and a biopsy specimen taken during convalescence 
showed changes in the small arteries, afferent arterioles, and glomeruli of the type 
ascribed to sulfonamide vascular sensitization. Evaluation in blood pressure, 
together with a renal function pattern of essential hypertension, developed as a 
late sequela. 

The syndrome of lower nephron nephrosis was present in the other four cases, 
and the three classic stages were clearly defined: shock, lasting five to eight hours 
after admission ; oliguria, continuing for 3 days in two cases, 12 days in one, and 
15 days in one; diuresis, persisting for one to four weeks. The underlying cause 
was diabetic coma in one patient and severe hemorrhage in three, with hypertensive 
toxemia of pregnancy as an accessory factor in one of the latter and a hemolytic 
transfusion reaction as a probable factor in another. 

Hyponatremia and hypochloremia developed consistently during the oliguric 
phase of lower nephron nephrosis as the result of the combined effects of two or 
more of the following factors: (1) administration of disproportionately greater 
amounts of water than electrolyte; (2) cellular uptake of sodium; (3) shift of water 
from cells to interstitial space; (4) impaired renal conservation of electrolyte ; 
(5) losses of electrolyte through other channels. Excessive water retention on total 
fluid intakes restricted to 3 liters daily occurred during prolonged oliguria in two 
patients and, along with the concomitant disturbance in electrolytes, led to severe 
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water intoxication and pulmonary edema in one patient and to extensive peripheral 
edema in the other. Hyperkalemia developed toward the end of the first week of 
oliguria in the former patient, but a fall in plasma potassium was achieved during the 
second week of severe oliguria on the reduced fluid intake necessitated by water 
intoxication, as a result of the following measures: (1) abstention from exogenous 
potassium, (2) increase in dextrose intake to promote glycogenesis and to reduce 
protein catabolism, and (3) intermittent gastric lavage and suction. A regimen 
containing little or no protein and as much dextrose as possible prevented hyper- 
kalemia in the remaining patients and slowed the rise in blood nonprotein nitrogen 
concentration. A divergent trend in the course of blood sodium and nonprotein 
nitrogen concentrations was noted in all four patients with lower nephron nephrosis, 
and a tendency toward a reciprocal relation in urinary concentrations was found in 
two of the patients. 

During the diuretic phase, plasma sodium and chloride levels were subject to 
considerable fluctuation, depending upon (1) the relative external losses of electro- 
lyte and water, (2) the proportionate intakes of electrolyte and water, and (3) con- 
current internal shifts. Impairment in renal conservation and delay in restoration 
of renal homeostasis were greatest for sodium in one case, for chloride in two cases, 
and for water in one case. As a result of the limited capacity of damaged renal 
tubules to reabsorb and conserve electrolyte, further reduction in the lowered plasma 
sodium and/or chloride concentrations was prone to occur at the advent of diuresis 
and required prompt correction by increase in the proportion of electrolyte to water 
in the diet. On the other hand, overcorrection by the use of isotonic saline solutions 
tended to produce hyperchloremia because of limitation in the capacity of the 
damaged tubules to reject excesses of electrolyte. Greater impairment in reabsorp- 
tive capacity for water than for electrolyte led to dehydration with elevation of 
plasma concentrations. These observations indicated that as long as polyuria per- 
sists and renal homeostasis of electrolyte is impaired, it is necessary to control the 
proportion of electrolyte to water in the diet, preferably in accordance with plasma 
and urinary concentrations. If proper laboratory facilities are not available, it is 
recommended that sufficient sodium and chloride be administered, along with water, 
to make a solution approximately half isotonic in strength. 

During the diuretic stage, hypokalemia developed in three patients, as a result of 
varying combinations of the following factors: (1) excessive losses from increased 
urinary volume and/or high urinary concentrations ; (2) inadequate replenishment, 
due to low intake and/or failure of transfer of cellular electrolyte to the extracellular 
compartment ; (3) losses through other channels. Potassium intakes of 100 mEq. 
or more per day were necessary to restore normal plasma levels. 

Miss Evelyn Erickson and Mrs. Geraldine Chesney Fockler, of the Medical Art Depart- 
ment, and Mr. Charles Pickard, of the Medical Photography Department of Wayne University 
College of Medicine, prepared the illustrations. 











PRACTICAL CONTROL OF FLUID AND ELECTROLYTE BALANCE 
IN CARBON TETRACHLORIDE NEPHROSIS 
Report of Cases 
ROBERT C. PARTENHEIMER, M.D. 
AND 


DAVID S. CITRON, M.D. 
BOSTON 


T IS THE purpose of this paper to relate our experiences with seven cases of 
poisoning due to carbon tetrachloride seen at the United States Public Health 
Service Hospital, Boston, during a period of 18 months. 

Although many excellent textbooks of medicine! make no mention of this con- 
dition, it has been commoner at this hospital than such thoroughly discussed diseases 
as typhoid and diphtheria. Many of the early clinical descriptions of carbon tetra- 
chloride poisoning have emphasized the hepatic damage,’ but in recent years the 
capacity of this substance to produce the picture of lower nephron nephrosis has 
been recognized more frequently. 

It has been our experience that carbon tetrachloride poisoning, as is the case 


with so many other diseases, often is not diagnosed because it is not considered 
in the differential diagnosis and, therefore, a history of exposure is not sought. The 
necessity of accurate diagnosis with simple and conservative therapy becomes clear 
when one notes the frequency with which this condition begins with severe abdom- 
inal pain, abdominal tenderness, nausea, and vomiting—symptoms and signs which 
at once suggest the possibility of an abdominal catastrophe which may require 


operation. 
REPORT OF CASES 

Case 1.—S. P., a 30-year-old Swedish seaman, was admitted to the surgical service of the 
United States Public Health Service Hospital, Boston, on Oct. 29, 1950, because of complaints 
of abdominal pain, diarrhea, and vomiting of two days’ duration. 

On Oct. 27, while cleaning machinery in the engine room of the ship, he inhaled fumes of 
carbon tetrachloride. (His exposure was accidental. He had inserted a steam line into a bucket 
full of what he thought was water, intending to heat the water. The bucket contained carbon 
tetrachloride. When the steam was turned on, the furmes overcame him almost at once. He was 
unconscious for an unknown number of minutes.) Several hours later, he drank “four or five 
beers and four or five whiskies” and went to bed. He awoke several hours later, and, after 
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vomiting in bed, he was seized with severe, intermittent, right periumbilical pain which radiated 
around to the back. Diarrhea accompanied the pain, and during the next 24 hours he had 15 to 
20 watery stools. The intermittent pain became severer and the vomiting more frequent. He was 
brought to the hospital by ambulance. 

The patient had never been seriously ill before. He drank alcoholic beverages to excess 
periodically but had never had any serious ill effects therefrom, to his knowledge. He used 
no drugs or medicines. On the day of admission he had urinated copiously four times. 

Physical examination revealed the temperature to be 37.2 C. (99 F.), the pulse rate, 84, and 
the blood pressure, 130/85. The patient was a well-developed and well-nourished man who was 
restless and complained of severe abdominal pain. He retched continually. His breath had an 
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Fig. 1 (Case 1)—Results of blood chemical determinations. 


alcoholic odor, The sclerae and conjunctivae were icteric. The mouth and throat appeared normal. 
The lungs were clear on percussion and auscultation. The heart was not enlarged to percussion. 
The rhythm was regular. No murmur or rub was heard. The entire abdomen was tender on 
palpation. Generalized voluntary muscle resistance and what was thought to be involuntary 
guarding in the epigastrium were noted. No organs or masses were felt. The results of neuro- 
logical examination were normal. 

When the above history was obtained, the patient was transferred to the medical service. 
Morphine sulfate, 0.015 gm., and atropine sulfate, 0.0004 gm., were administered subcutaneously, 
and an infusion of 1,000 cc. of 5% dextrose in saline solution was begun. 

Eight hours after admission, the blood pressure had fallen to 80/40 and the pulse rate had 
risen to 140. As the patient had not voided since entry, catheterization was performed and yielded 
only 30 cc. of cloudy orange urine. The white blood cell count was then 21,600, with 90% 
polymorphonuclear leucocytes and 10% lymphocytes. 
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Approximately 12 hours after admission, the following laboratory data were obtained: white 
blood cell count, 27,100, with 94% polymorphonuclear leucocytes and 6% lymphocytes; sedi- 
mentation rate, 2 mm. per hour; fasting blood sugar, 155 mg. per 100 cc.; blood nonprotein 
nitrogen, 70 mg. per 100 cc.; serum chlorides, 101 mEq. per liter; carbon-dioxide-combining 
power, 9.5 mEq. per liter; icteric index, 32; cephalin-cholesterol flocculation, 44+; thymol tur- 
bidity, 22.5 units; serum amylase, 57 units. Subsequent laboratory data are summarized in 
Figure 1, and representative electrocardiograms are shown in Figure 2. 

The plan of treatment was (1) to administer a volume of fluid each day approximately 200 
to 500 cc. in excess of the total output of urine plus vomitus; (2) to administer a minimum 
of 100 gm. of dextrose daily; (3) to perform gastric lavage periodically to effect, if possible, 
a fall in the serum potassium. No sodium chloride solutions were given after the initial infusion 


until diuresis had been well established. 
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Fig. 2 (Case 1).—Electrocardiographic tracings. A, anuric stage: tall, peaked T waves and 
first- degree auriculoventricular block (P-R interval, 0.19 second; heart rate, 140) indicative of 
hyperkalemia. B, anuric stage: lowering of T waves and disappearance of first-degree auriculo- 
ventricular block following gastric lavage. C, diuresis stage: low, broad T waves and prolonged 
Q-T interval (0.560 second) indicative of hypokalemia. D, diuresis stage: increase in height of 
T waves and decrease in Q-T interval (0.400 second) after intravenous administration of potas- 
sium chloride. FE, diuresis stage: a recurrence of low, broad T waves and prolonged Q-T interval 
(0.520 second) as seen in hypokalemia. 


Dextrose was given in concentrated solution (10 to 50%) by slow intravenous drip to pro- 
vide a maximum of dextrose in a minimum volume. Feedings of cooked, unsalted rice with 
karo® syrup were urged several times daily when the patient was not vomiting. 

Gastric lavage was performed through a double-lumen tube. From 2 to 5 liters of distilled 
water was introduced into the stomach and simultaneously aspirated. Care was taken to recover 
as much of the instilled water as possible. If any appreciable volume was not recovered, it was 
counted in the daily fluid intake. Potassium determinations on two specimens of recovered fluid 
were 2 mEq. and 1 mEq. per liter, respectively ; thus, up to 10 mEq. of potassium was removed 
with a single lavage. A potassium determination on a random specimen of vomitus was 0.5 
mEq. per liter 
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From the 2d to the 11th hospital day inclusive, the patient was anuric and alternately restless 
and lethargic. His temperature remained normal during this period, and his blood pressure 
averaged 125/80, never exceeding 130/90. 

On the 12th hospital day the patient voided 620 cc. of dark amber urine with a specific gravity 
of 1.010. Thereafter, the daily urinary output rose progressively to a peak of 7,000 cc. on the 
19th hospital day. The blood nonprotein nitrogen continued to rise after the diuresis was estab- 
lished until the 16th hospital day, at which time a peak concentration of 320 mg. per 100 cc. 
was reached. During the period of maximum diuresis, the patient continued to vomit, making it 
necessary to give most of his fluids parenterally. A rapid fall in serum potassium accompanied 
the diuresis (see Fig. 2), necessitating replacement therapy with potassium chloride given 
intravenously. 

The urinary specific gravity remained fixed at a low level until the 45th hospital day, when 
it was 1.018. The hemoglobin concentration had fallen to 9.5 gm. per 100 cc. by the 30th hospital 
day. After a blood transfusion, it rose to 11.5 gm. per 100 cc. 
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Fig. 3 (Case 1).—Intake and output chart. 


On the 21st hospital day the anorexia, nausea, and vomiting subsided, and improvement 
subsequently became rapid. Convalescence was complicated by generalized furunculosis, which 
responded to treatment with penicillin and streptomycin. On the 33d hospital day, a test with 
intravenously administered phenosulfonphthalein revealed 25% excretion in 15 minutes and 42% 
in one hour. The cephalin-cholesterol flocculation had become normal by this time, and the 
thymol turbidity had fallen to 10 units. 

The patient was discharged from the hospital on Dec. 19, 1950, entirely asymptomatic. He 
did not return for follow-up examination. 

Case 2.—J. F. B., a 37-year-old caretaker, was brought to the hospital on June 21, 1950, at 
7:45 p.m., because he had had a convulsion earlier in the evening. 

On June 9 the patient inhaled carbon tetrachloride fumes while cleaning some machinery 
in a poorly ventilated room. He had had no immediate reaction. On June 10 he consulted a 
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physician for treatment of a small bruise on his leg. Tablets containing sulfadiazine and sulfa- 
merazine were prescribed as prophylaxis against infection. He took four tablets (2.0 gm.) on 
June 10 and two tablets (1.0 gm.) four hours later, as he had been directed. 

In the evening of June 10 he began to vomit. Vomiting was continual during the next week; 
during this period he was unable to retain even water. During the five days prior to admission, 
his urine output was scanty but appeared normal grossly. Five days before entry he began to 
bleed from the mouth; his wife noted subconjunctival hemorrhages in both his eyes. A few hours 
before admission he had a generalized convulsion. 

His past health was good. There was no history of heart disease or hypertension. Results 
of periodic urinalyses had always been normal. 

Physical examination revealed the temperature to be 100 F.; the pulse rate, 140, and the blood 
pressure, 200/110. The patient was an obese white man who was slightly irrational when he 
arrived at the hospital. He had a generalized convulsion while being taken to the ward. There 
were bilateral subconjunctival hemorrhages and a large hemorrhage on the palate. The heart 
and lungs were normal. The liver was not palpable, and there was no hepatic or costovertebral 
angle tenderness. Results of neurological examination were normal after the convulsion; during 
the convulsion, bilateral Babinski signs were present. 

Initial laboratory studies disclosed a red blood cell count of 3,400,000 per cubic millimeter ; 
a hemoglobin concentration of 11.5 gm. per 100 cc.; hematocrit of 37% ; a white blood cell count 
of 5,100, with a normal differential count, and a thrombocyte (platelet) count of 254,000. The 
erythrocyte sedimentation rate was 32 mm. per hour. Gross blood was present on urinalysis, 
and the specific gravity was 1.010. A trace reaction for albumin was present; the reaction for 
sugar was negative. Microscopic study revealed innumerable red blood cells and no casts. The 
prothrombin time was normal. Blood nonprotein nitrogen was 295 mg., blood urea nitrogen, 
160 mg., and fasting blood sugar, 125 mg., per 100 cc. Plasma chlorides were 82 mEq. per liter. 
The carbon-dioxide-combining power was 17 mEq. per liter. 

An electrocardiogram was normal except for slight peaking of T waves in Lead V., sugges- 
tive of hyperkalemia. The blood sulfadiazine level was 7 mg. per 100 cc. (The latter was thought 
to be a laboratory error. The determination was repeated on a different blood sample the 
following day, and the level was found to be 5 mg. per 100 cc.) 

The patient was placed at bed rest. He was given 2,000 cc. of 5% dextrose in saline solution 
intravenously. He was quiet during the first night in the hospital. The following morning, he 
was rational and had no specific complaints except that he was thirsty. His blood pressure 
remained elevated at about 180/120. He did not void from the time he was admitted until noon 
the following day, when he was catheterized and 650 cc. of grossly bloody urine was obtained. 
On that day he was given 1,000 cc. of isotonic sodium chloride solution intravenously. His 
urinary output on that day was 1,725 cc. On the third hospital day the patient continued to void 
bloody urine. On that day he was given orally 1,000 cc. of water containing sugar. Examination 
at that time revealed harsh, sticky rales throughout both lung fields, chiefly on the left. Cardiac 
examination still revealed no abnormality except for the tachycardia. The patient had become 
quite dyspneic, and that evening well-marked signs of pulmonary edema developed. He was 
digitalized with cedilanid® (crystalline lanatoside C) and placed in an oxygen tent, but this did 
not relieve him significantly. He was given morphine, % grain (8 mg.) hypodermically for his 
dyspnea and restlessness. On the morning of the fourth hospital day he was still quite dyspneic 
and was irrational at times but had no edema. The carbon-dioxide-combining power had dropped 
to 11 mEq. per liter. He was given 3 gm. of sodium bicarbonate by mouth and 1,000 cc. of sugar 
water. Calcium gluconate was given intravenously. 

An electrocardiogram on that day was normal except for digitalis effect. By the afternoon 
of June 24 the patient’s urine was grossly clear; specific gravity was 1.014; the urine contained 
a trace reaction for albumin and blood cells microscopically ; the reaction was alkaline. At 5: 45 
p.m. on that day, the patient was rational though still quite dyspneic. At 6:05 p.m. the physician 
was called by the nurse, who felt that the patient was dying. When the doctor arrived, the 
patient’s heart beat could no longer be heard; he made several convulsive gasps until 6:10 p.m., 
when he was pronounced dead. Artificial respiration was without avail. The body was turned 
over to the medical examiner because of the possibility of sulfonamide and/or carbon tetrachloride 
poisoning. 
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The following is a summary of the gross anatomical findings: The left conjunctiva was 
suffused with hemorrhage, and there was a hemorrhagic mottling of the mucous membranes of 
the oral cavity. There were severe congestion of and abundant bloody mucoid material contained 
within the trachea and bronchi. The lungs weighed together 2,520 gm., and all lobes were com- 
pletely noncrepitant. The cut surfaces exuded, on slight pressure, a tremendous amount of blood- 
tinged fluid. No areas of frank consolidation were seen. The epicardial and pericardial surfaces 
of the heart showed scattered petechial hemorrhages. There was minimal atherosclerosis of both 
coronary arteries; otherwise the heart was within normal limits. The intestinal tract showed 
scattered petechial hemorrhages. The liver weighed 2,435 gm. and was uniformly swollen; the 
cut surfaces presented a yellowish-brown appearance, with markedly prominent dark purple 
central areas. The adrenal glands revealed petechial hemorrhages within the cortical portions. 


Fig. 4 (Case 2).—Photomicrograph of typical section of renal medulla, showing casts in renal 
tubules. « 300. 


The kidneys weighed together 710 gm. and were uniformly swollen; hemorrhages were present 
in the capsules and perirenal fat. The capsules stripped easily, revealing a smooth, light brown 
surface, with scattered petechial hemorrhages. On sectioning, the cut surface bulged slightly 
and the corticomedullary demarcation seemed moderately accentuated. The renal pelves showed 
areas of hemorrhagic mottling. There appeared to be a moderate edema of the brain, which was 
otherwise normal. 

Microscopic observations on the kidney and liver were described by Dr. Jefferson D. Kernodle 
(Chief of Pathology, United States Public Health Service Hospital, Boston), whose report 


was as follows: 
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The kidney sections presented marked edema between the tubules and in both the cortex and 
the medulla. Within this edema fluid there was considerable inflammatory cell infiltration; many 
of these cells were eosinophilic leucocytes. Others were lymphocytes, and some were plasma 


cells. Many of the lower portions of the collecting tubules and the lower portions of the con- 
voluted tubules were dilated and contained blood. There was considerable degenerative change 
in the epithelial lining of these tubules, and some blood casts were seen. There did not appear 


to be any proliferative changes in the glomeruli. No necrotic changes in the proximal convoluted 


Fig. 5 (Case 2).—Photomicrograph of typical hepatic lobule, showing severe central necrosis. 
x 300. 


tubules were observed. The blood vessels did not present any specific change, and there was no 
evidence of any inflammatory changes in the walls of the blood vessels. No crystalline material 
was identified in the kidneys. 

The liver sections showed a marked necrosis in the central portions of the lobules of the 
liver. The liver cells in the peripheral portions appeared essentially normal. There was no 
evidence of cirrhosis. 

Case 3.—E. J., a 37-year-old male machinist, was admitted to the surgical service on May 19, 
1949, with a tentative diagnosis of appendicitis. 
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The following day it was learned that the patient had been cleaning an elevator shaft with 
carbon tetrachloride four days prior to admission. He said he had felt dizzy while he was 
cleaning the shaft, but the following day he had nausea, anorexia, and intermittent epigastric 
and right lower quadrant abdominal pain. The day prior to admission, he noticed his urine 
became darker in color, but he had no oliguria or anuria. No history of vomiting or diarrhea 
was elicited. 

On admission the patient appeared acutely ill. His temperature was normal and the blood 
pressure 170/80. He had direct tenderness in the epigastrium, with direct and rebound tender- 
ness in the right lower abdominal quadrant. 

A leucocytosis (12,200 cells), with a normal differential count, was present on admission. 
Urinalysis showed 15 white blood cells and 7 red cells per high-power field, also occasional 
granular and hyaline casts. The specific gravity was 1.010. The sedimentation rate was 38 mm. 
per hour. 

The patient was given a soft diet. His temperature rose to 100 F. on the first day, but 
thereafter he was afebrile and asymptomatic. On the second day his urinary output was 600 cc., 
the following day, 900 cc., and thereafter, between 1,700 and 2,000 cc. on a normal intake of 
fluids. On the fourth hospital day, the nonprotein nitrogen was 50 mg. per 100 cc. 

He was discharged from the hospital nine days after admission. 

Case 4.—R. C., a 41-year-old French merchant seaman, was admitted Nov. 1, 1950, because 
of severe nausea and vomiting. 

Eight days prior to admission, he was cleaning a gyrocompass with carbon tetrachloride, and 
the following two nights he slept next to an open jug of carbon tetrachloride in his stateroom. 
Three days after the last exposure he had onset of headache, nausea, intermittent sharp epigastric 
pain, and protracted uncontrollable vomiting. He also noticed that his urine had turned dark 
red and his appetite was poor. There was no previous history of abdominal pain, diarrhea, 


oliguria, or anuria. 
On admission the patient had a normal temperature, a blood pressure of 108/70, phlethora 


of the face, and icteric sclerae. There was moderate epigastric tenderness, and the tender liver 
was palpable 2 cm. below the costal margin. 

Urinalysis on admission showed a specific gravity of 1.015, a 2+ reaction for albumin, and 
10 to 12 red cells per high-power field. The nonprotein nitrogen was 66 mg. and serum bilirubin 
4.9 mg. per 100 cc.; cephalin flocculation was 4+, and the urinary urobilinogen positive to a 
dilution of 1 to 32. Serum amylase was normal. 

On admission the patient received intravenously 1 liter of 5% dextrose in saline solution 
and 1 liter of 5% dextrose in water. He ran a low-grade fever for seven days but was afebrile 
thereafter. His blood pressure ranged from 150/100 to 140/90 after the first few days of hos- 
pitalization. He received a Karell diet until Nov. 14, when, through an interpreter, the history 
of exposure to carbon tetrachloride was elicited. Fluid intake was then temporarily restricted, 
but, because of normal urinary output and the interval of 14 days since exposure, the restriction 
was lifted and he was given a high-protein, high-caloric diet. The patient’s appetite gradually 
returned. The phenolsulfonphthalein excretion test showed a total of 32% of the dye excreted 
after 45 minutes. The highest concentration obtained on the Fishberg concentration test with 
vasopressin (pitressin®) was 1.007. Further laboratory data are given in Table 1. 

The patient was discharged on Dec. 1, 1950. 

Case 5.—W. C., a 49-year-old merchant seaman, was admitted to the hospital on Dec. 12, 
1950, complaining of a recent attack of migratory polyarthritis. 

Since the age of 3 years, he had had two or three attacks of painful, swollen joints a year 
without residual symptoms or deformities between attacks. On Dec. 3 the patient experienced 
nausea and dizziness which continued until admission. In addition, vomiting, anorexia, and 
increasing shortness of breath developed. He stated that on many occasions he had been exposed 
to carbon tetrachloride fumes; the last exposure had been two days prior to the onset of the 
present illness. He drank “one to two highballs a day.” There was no history of anuria, oliguria, 
abdominal pain, diarrhea, or jaundice. 

On admission his temperature was 99.2 F.; the blood pressure was 160/95, and the pulse rate, 
110. He was quite obese. The eyegrounds were normal. A few bilateral basal rales were heard. 











224 M. A. ARCHIVES OF INTERNAL MEDICINE 


His knee 


The liver was palpable 3 cm. below the costal margin and was smooth and tender. 
joints, elbow joints, and shoulder joints were slightly swollen and tender. The left testicle was 
undescended. The sedimentation rate was elevated to 36 mm. per hour and the nonprotein nitrogen 


Tas_eE 1—Summary of Laboratory Data in Case 4 


Carbon- 
Dioxide 
Nonprotein Combining Serum 
Nitrogen, Power, Chlorides, Bilirubin, Cephalin 
Date Mg./100 Ce. Vol. % mEq./L. Mg./100 Ce. Flocculation 


66 . ae 4.9 4+ 
103 o~ ee ave ooee 
105 0.9 Neg. 


Results of Urinalyses 


Specific Albumin Red White 
Gravity Reaction Blood Cells Blood Cells 


1.015 2+ 10-12 oe 
1.010 1+ Oce. 
1.010 

1.004 

1,006 

1.007 

1.008 





Nonprotein Dextrose- Thymol 

Nitrogen, Creatinine, Uric Acid, Tolerance Cephalin Turbidity, Chlorides, 
Date Mg./100 Ce. Mg./100 Ce. Mg./100 Ce. Curve Flocculation Units mEq./L. 
Neg. 10.7 soe 


12/13/50 45 oe 4.3 
107 


12/20/50 42.5 ah oz Positive nee ence 
after 2 hr.; 
blood sugar, 
160 mg. per 
100 ec. 


Normal 
after 2 hr.; 
blood sugar, 
108 mg. per 
100 ce. 


14 4.0 


Intravenous pyelogram: normal size and shape 
of kidneys; poor dye concentration 
Results of Urinalyses 
Specific Reaction for Red Blood 
Gravity Albumin Cells Sediment 
1.012 44+ 0 
1.004 1+ Rare 
1.007 1+ 0 
1.005 i 0 
1.006 } ry 
1.005 + ° 
1.008 Few granular casts 
1,006 “+ socvee 


Few granular casts 


to 45 mg. per 100 cc. The uric acid was 4.3 mg., and fasting blood sugar, 110 mg. per 100 cc.; 
thymol turbidity was 10.7 units. The urine showed a specific gravity of 1.012, a 4+ reaction 
for albumin, and a 1+ reaction for sugar. Further laboratory data are summarized in Table 2. 

The patient was given no specific therapy except an 800-calorie reducing diet and multiple 
vitamins. The swelling and tenderness of the joints subsided in a few days. His blood pressure 
stabilized at 130/85 after a few days. About Dec. 14 he began to complain of being very thirsty 
and voiding large amounts of urine. This, at first, was attributed to a possible diabetic condition. 
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However, because of the high thymol turbidity and a subsequent normal dextrose-tolerance curve, 
it was decided that the transient abnormal dextrose-tolerance curve was on the basis of hepatitis. 
The tenderness of the liver diminished, and before discharge it was no longer tender. The diuresis 
was similar to that seen in lower nephron nephrosis. 

From Dec. 16, 1950, until his discharge, Jan. 16, 1951, he had an intake of between 4 and 7 
liters daily with about the same output and during this period lost about 19 Ib. (8.6 kg.). A 
Fishberg concentration test with vasopressin produced a specific gravity of 1.014. A phenol- 
sulfonphthalein test shortly after admission showed 27% total dye excretion in 45 minutes. A 
repeat phenolsulfonphthalein test at about the time of discharge produced 35% total dye excretion 
in 45 minutes. 

Case 6.—C. B., a 43-year-old seaman, was admitted to the hospital on Oct. 28, 1949, com- 
plaining of nausea, vomiting, abdominal cramps, and diarrhea. 

On the morning of the preceding day, he accidentally ingested several ounces of carbon 
tetrachloride after drinking four or five glasses of whisky. At 5 p.m. on that day, vomiting, 
diarrhea, and abdominal cramps developed. Every sip of water provoked repeated retching and 


TaB_eE 3—Summary of Laboratory Data in Case 6 





Carbon- 
Dioxide- 
Nonprotein Combining Thymol 
Nitrogen, Power Ieterus Cephalin Turbidity, 
Date Mg./100 Ce. Vol. % Index Floceulation Units 


10/28/49 42 40 e 
10/19/49 oe oe 7.3 
35 46 ae 
26 oe ee 0 

43 


3+ 


Urinalyses 
Specific Albumin 
Reaction Gravity Reaction 
pH 7.5 1.022 2+ 
pH 6.0 1.022 1+ 
Acid 1.020 Te 
Alkaline 1.008 0 
oecce 0 
1.016 0 
1.016 





vomiting. At 7 p.m. he passed some urine but did not void again until after admission to the 
hospital, at 2: 15 a.m. 

Examination on admission revealed the temperature to be 35.8 C. (96.4 F.), the pulse rate, 
104 per minute, the respiratory rate, 26 per minute, and the blood pressure 170/110. He appeared 
to be in acute distress, retching frequently and breathing heavily. The abdomen was soft. A 
nontender liver edge was palpated 2 fingerbreadths below the right costal margin. Results of 
neurological examination were normal. 

On admission he was given 1,000 cc. of 10% dextrose in saline solution intravenously. During 
the infusion he became extremely restless, and sedation was produced wiith administration of 
meperidine (demerol®) hydrochloride. Vomiting, restlessness, and abdominal pain continued 
during the first four hospital days. Several hours after entry, the patient voided 850 cc. of urine 
which contained albumin (2+) and of which the specific gravity was 1.022. He continued to 
void more than 1,000 cc. a day during his hospital stay. His blood pressure had fallen to normal 
eight hours after entry and remained so. On the fifth hospital day, he was eating well and had 
no further abdominal pain. His subsequent course was uneventful. 

Pertinent laboratory data are listed in Table 3. 

Case 7.—J. H., a 25-year-old American seaman, was admitted to the medical service on 
June 26, 1951, complaining of nausea, vomiting, and diffuse abdominal pain for five days. 

Six days prior to admission, the patient was cleaning his clothes in a small, enclosed room. 
He used a peanut-butter jar full of carbon tetrachloride in a period of two hours. After this, 








Date 


Intake, ec 
Output, ce 

Urine, specific gravity 

Nonprotein nitrogen, mg./100 ec.... 
Plasma chloride, mEq./1 
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he drank 20 highballs. The next day, he had the onset of anorexia, nausea, vomiting, and diffuse 
abdominal pain radiating to both costovertebral angles. Four days prior to admission he had a 
slight cough, and the following day he had a nosebleed lasting 45 minutes. His urine output he 


thought to be adequate. No diarrhea or jaundice was noted. 


Tape 4.—Summary of Laboratory Data in Case 7 


6/26/51 27 2 29 30 «(7/1/51 2 3 4 5 7 
1,700 900 1,600 1,900 1,900 2,700 2,200 1,800 2,000 2,300 
700 900 1,300 900 2,400 3,000 3,600 2,800 3,800 2,000 
1.010 bias --- 1,010 1.012 one 06 

166 170 115 

83 


Plasma carbon-dioxide-combining 
power, mEq./1 
Serum potassium, 


Blood pressure 


DATES —+ bftifs 
LEADS 


LI aha Ae 


Bie 
Pats 


A B 


Fig. 6 (Case 7).—Electrocardiographic tracings. A, oliguric stage: tall, peaked T waves, 
indicating hyperkalemia. B, anuric stage: increase of tall, peaked T waves. C, anuric stage: 
lowering of T waves following gastric lavage. D, diuresis stage: normal tracing. E, diuresis 
stage: broad, low T waves and prolongation of Q-T interval (heart rate, 75: Q-T interval, 0.440 
second) indicating hypokalemia. 


On admission, the physical examination revealed a temperature of 98 F., a pulse rate of 92, 
respiratory rate of 20, and a blood pressure of 150/100. The eyelids appeared puffy, and there 
was injection of the conjunctivae. The heart and lungs were within normal limits. There were 
diffuse tenderness, with rebound tenderness, and marked involuntary spasm in the upper abdomen. 
The liver and spleen were not felt, but there was tenderness to percussion over the right lower 
anterior wall of the chest. There was also bilateral costovertebral-angle tenderness. 
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On admission, the hemoglobin concentration was 12.5 gm., the hematocrit, 43%, sedimentation 
rate, 32, and white blood cell count, 5,300 with a normal differential count. The urine showed 
a specific gravity of 1.010, a 3+ reaction for albumin, 15 to 20 white blood cells, and 8 to 10 red 
blood cells. The nonprotein nitrogen was 118 mg. and serum amylase 67 mg. per 100 cc. The 
total proteins and albumin to globulin ratio were normal. Further laboratory data are shown 
in Table 4. A roentgenogram of the chest disclosed a soft infiltration in the right lower lobe. 

The patient was put to bed and given fluids ad libitum. Codeine and atropine were given for 
abdominal pain. When the diagnosis became apparent, about 12 hours after admission, fluid and 
sodium chloride intake was restricted, the patient being given a rice diet and no more than 1,500 
ce. of water daily. Vomiting, retching, and hiccoughs were severe and continued through the first 
five hospital days. The abdominal pain and rigidity were so marked that it was questioned 
whether peritonitis was present from some other cause. The surgical consultant advised watchful 
waiting. By the fifth hospital day, the pain had markedly decreased and the abdomen had become 
softer. Gastric lavage performed because of electrocardiographic signs of hyperkalemia was 
followed by slight lowering of peaked T waves. 

After an anuric period of 36 hours, the patient began to pass urine again on the fifth hospital 
day. At 6 a.m. on the seventh hospital day, he had the first of three convulsions. It began with 
clonic movements of the left arm, the clonus then becoming generalized. Coma for one-half 
hour was followed by a one-hour period of stupor. Immediately after the convulsion, the pulse 
rate was 124, blood pressure 200/100, the neck supple, and Babinski’s sign present bilaterally. 
At this time the plasma chloride measured 86 mEq. per liter, the carbon-dioxide-combining 
power, 145 mEq. per liter, and potassium, 7.9 mEq. per liter. Sodium chloride, 20 gm., as a 5% 
solution and calcium gluconate given intravenously did not prevent two more convulsions the 
following day. However, by the 10th hospital day, the patient felt stronger, his blood pressure 
had fallen to 160/98, and his urinary output was good. By the 16th hospital day, he was dis- 
charged, completely asymptomatic. 

Results of serial liver-function tests were consistently normal. 


COMMENT 


Of the two dozen or more causes * to which lower nephron nephrosis has been 
attributed, carbon tetrachloride exposure has been the one most frequently encoun- 
tered at this hospital. Merchant seamen, in whom most of our cases have occurred, 
are not unduly exposed to carbon tetrachloride as compared with other types of 
workers. The excessive indulgence in alcohol by seamen, however, is well known, 
and the relationship between alcoholism and clinical carbon tetrachloride poisoning 
has been pointed out by others.* 

Carbon tetrachloride is extensively used as a solvent in most noninflammable 
cleaning fluids. It forms the basis of a fluid called pyrene * which is used in fire 
extinguishers. It can be used as a solvent for alkaloids, can replace inflammable 
petroleum solvents, and is used in certain commercial preparations instead of 
chloroform. It is a clear, colorless liquid which is a better narcotizing agent than 
chloroform, except for its toxicity. When it is heated, it gives off a gas known as 
phosgene. 


3. McGee, C. J.: Carbon Tetrachloride Poisoning, with a Report of 3 Cases, Am. J. M. 
Sc. 218:636-645 (Dec.) 1949. 

4. (a) Kugel, V. H.: Management of Acute Toxic Nephrosis, Am. J. Med. 3:188-205 
(Aug.) 1947. (b) Smetana, H.: Nephrosis Due to Carbon Tetrachloride, Arch. Int. Med. 63:760- 
777 (April) 1939. 

5. Melick, W. F.: Acute Toxic Nephrosis Due to Poisoning by Carbon Tetrachloride, 
J. Urol. 55:342-347 (April) 1946. 
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It has been used medicinally for the treatment of hookworm infection (ancyclo- 
stomiasis), as well as other helminthic infestations. However, a number of deaths 
has followed its use. Lamson has pointed out that a low calcium balance, alcoholism, 
and the presence of either alcohol or fats in the intestinal tract increase the danger 
of a toxic reaction to the oral use of carbon tetrachloride.* Lambert, however, has 
treated 100,000 patients with hookworm disease without a fatality.” In the patients 
treated at the Boston United States Public Health Service Hospital, as well as in 
those reported on by Farrier and Smith,* the indulgence in alcohol either just prior 
to or just after exposure to carbon tetrachloride seemed to sensitize both the liver 


and the kidneys to more extensive damage. The exposure, at times, has been short, 


but the principal consideration appears to be exposure in small, enclosed, poorly 
ventilated spaces. It has been stated *” that absorption of carbon tetrachloride 
through inhalation and/or alcoholism predisposes to the development of a renal lesion 
when the patient might otherwise have had only a hepatic lesion. According to 
Smetana, in 23% of cases of carbon tetrachloride poisoning acute renal insufficiency 
develops.*” 

The early and immediate symptoms following exposure to carbon tetrachloride 
are headache, dizziness, cough, and sometimes nausea and vomiting. Protracted 
nausea, vomiting, diarrhea, painful muscle cramping, and severe upper abdominal 
pain with rigidity may occur within a few hours. Oliguria may be present during 
this period because of dehydration, but the urine is usually of normal composition 
except for high specific gravity. Shock may occur in severe cases. The differential 
diagnosis of many cases seen at this time includes appendicitis, acute pancreatitis, 
acute cholecystitis, perforated peptic ulcer, and acute nonspecific gastroenteritis. 
The patient may consider the exposure to carbon tetrachloride insignificant and 
may not mention it in the history unless he is specifically questioned about it. 
Diagnosis in the early stage of the disease may be of great value, for by the time 
anuria develops and the diagnosis is obvious irreparable damage may have already 
occurred through the well-meaning intravenous administration of salt and water. 

Two to eight days following the initial symptoms, oliguria and subsequent anuria 
may occur. During the stage of oliguria, the urine often contains gross blood and 
considerable protein. This is due largely to an associated glomerulitis, with increased 
glomerular or endothelial permeability. The oliguria is due mainly to a back diffu- 
sion of the glomerular filtrate across the damaged tubule wall so that “the organism 
urinates into the kidney instead of the bladder,” according to Sirota.® As the 
oliguria progresses, the renal blood flow becomes markedly reduced, and the result- 
ant anoxia, added to the initial toxic insult, effects maximal depression of tubular 
function. 

6. Lamson, P. D.; Minot, A. S., and Robbins, B. H.: Prevention and Treatment of Carbon 
Tetrachloride Intoxication, J. A. M. A. 90:345-349 (Feb. 4) 1928. 

7. Lambert, S. M.: Hookworm Disease in the South Pacific: 10 Years of Tetrachlorides, 
J. A. M. A, 100:247-248 (Jan. 28) 1933. 

8. Farrier, R. M., and Smith, R. H.: Carbon Tetrachloride Nephrosis, J. A. M. A. 
143 :965-967 (July 15) 1950. 

9. Sirota, J. H.: Carbon Tetrachloride Poisoning in Man, J. Clin. Invest. 28:1412-1422 

(Nov., Pt. 2) 1949. 
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During the stage of oliguria, as well as the stage of early diuresis, the ability 
to retain chlorides and to secrete an acid urine may be only slightly affected, 
although there are a fixation of the specific gravity and a depressed phenolsulfon- 
phthalein excretion. The stage of anuria is usually self-limited. Cases with anuria 
for only 2 days have been observed, but usually the anuria persists for 10 to 20 
days. If the patient survives the anuric stage, recovery is the rule. The high 
mortality rate associated with this condition is due, in part, to pulmonary edema and 
hyperkalemia during the anuric stage. Also during this period, the patient exhibits 
a rising blood nonprotein nitrogen level and acidosis. He may appear drowsy, yet 
be hyperirritable when aroused or stimulated. Uremia and hepatic damage probably 
account for the drowsiness, while the irritability may be caused by lowered total 
calcium, hyperkalemia, or uremia. The blood pressure may become moderately 
elevated during this stage. 

The final stage, that of diuresis, is characterized by a massive urinary output 
which gradually may reach 7 or 8 liters in 24 hours and may last for several days. 
Associated hypochloremia and hypokalemia of dangerous levels may result, making 
replacement therapy of prime importance. Often the blood nonprotein nitrogen 
continues to rise during the early stage of diuresis (see Case 1). This rise may 
be due to shift into the plasma of urea temporarily stored in the extravascular fluid 
compartments. The stage of diuresis usually lasts four to seven days, but it may 
continue for two or three weeks. After a peak level has been reached, the blood 
nonprotein nitrogen falls gradually over a period of days. Early in the diuresis, the 
urinary specific gravity is usually low and phenolsulfonphthalein excretion very low. 
The ability of the kidney to concentrate urine maximally is the last tubular function 
to return. A period of 100 to 200 days following the initial injury may elapse before 
this function is recovered. After recovery, there may be no clinical or laboratory 
evidence of renal or hepatic damage. 

The clinical variations of carbon tetrachloride poisoning are manifold, and the 
course may vary greatly from the description in the preceding paragraphs. In some 
cases the outstanding feature may be the hepatitis, the urinary difficulties being 
subclinical. The oliguric phase is usually present but may be overlooked by the 
physician, as well as the patient, unless specifically sought; if present, it may last 
only one or two days. The urine may contain albumin, red blood cells, and casts. 
A phase of anuria does not appear in mild cases. The blood nonprotein nitrogen 
may rise only slightly above normal until the phase of diuresis is reached, and then 
rise rapidly. At this stage, low urinary specific gravity and subnormal excretion of 
phenolsulfonphthalein are seen. In some cases hepatitis is mild and jaundice sub- 
clinical, but appropriate liver-function tests may indicate hepatic dysfunction, and 
the complaints of the patient may be of polyuria and polydipsia alone. Because of 
lack of symptoms during the early phase of the illness, the patient may not present 
himself to the physician until the stage of diuresis is manifest ; therefore, mild cases 
may not be diagnosed. 

In the past, the mortality of carbon tetrachloride poisoning has been as high as 
90%. Numerous procedures have been employed for the treatment of lower nephron 
nephrosis due to carbon tetrachloride poisoning. These include spinal anesthesia, 
splanchnic block, diathermy to the kidneys, roentgen irradiation of the kidneys, 
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administration of acetyl-beta-methylcholine, irrigation of the renal pelves, renal 
decapsulation, transfusion of plasma and blood, intravenous administration of sodium 
sulfate, intravenous administration of hypertonic solutions, massive fluid therapy 
given intravenously, peritoneal lavage, dialysis by the artificial kidney, and lavage 
of the gastrointestinal tract. 

The difficulties with peritoneal and gastrointestinal lavage have arisen principally 
from the use of solutions of electrolytes which are absorbed and further augment 
the fluid and electrolyte stores of the body. 

Kolff,'° Alwall,"* and Fishman ** have demonstrated good chemical results with 
the use of the artificial kidney, but clinical results have not always been encouraging. 
These poor results may have been due to the fact that the cases were far advanced 
by the time dialysis was begun, the therapy given previously having already pro- 
duced irreparable damage. The artificial kidney is a complex mechanism which 
must be handled by an expert team and is not available to many physicians. Peri- 
toneal lavage is a difficult form of therapy and not without danger. 

An understanding of the pathophysiology is essential for the proper treatment of 
carbon tetrachloride poisoning. Neither the duration of anuria nor the height of the 
blood nonprotein nitrogen level determines which cases shall have a fatal outcome, 
for cases have been reported with survival of anuric periods of as long as seven 
weeks and a nonprotein nitrogen concentration of 340 mg. per 100 cc.’* According 
to Friedberg, the azotemia, acidosis, and hypochloremia of the self-limited anuric 
stage are rarely of sufficient magnitude to cause death.** The treatment of the 
nonprotein nitrogen retention in itself, therefore, is of little consequence. The 
acidosis, due mainly to retention of phosphates, sulfates, and ketone bodies, in itself 
is not fatal and does not require vigorous treatment, as does, for instance, the 
acidosis of diabetic coma. The acidosis of lower nephron nephrosis is much the 
same as that associated with the uremia of chronic nephritis. 

Since one aim of therapy is to avoid edema from sodium and fluid retention the 
use of alkali, particularly sodium, may be dangerous. Sodium and water intake must 
be restricted, consideration being given to the volume of insensible fluid loss and 
fluid lost by vomiting. It is believed advisable to keep the patient in slightly negative 
fluid balance, and we, therefore, advocate the replacement of 600 to 900 cc. daily, 
depending upon the volume of the vomitus. There may be some loss of chlorides 
during the persistent vomiting, but not of sufficient magnitude to warrant replace- 
ment with saline solution during the anuric period. Although Hoffman and 


10. Kolff, W. J.: Artificial Kidney, J. Mt. Sinai Hosp. 14:71-79 (July-Aug.) 1947. 

11. Alwall, N.: Clinical Extracorporeal Dialysis of Blood with Artificial Kidney, Lancet 
1:60-62 (Jan. 10) 1948. 

12. Fishman, A. P.; Kroop, I. G.; Leiter, H. E., and Hyman, A.: Experiences with the 
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Marshall ** advocate therapy with saline solution and sodium bicarbonate to correct 
the hypochloremia and hyponatremia and to dilute the accumulating waste products, 
their views are not generally shared.*® 

The patient’s nutrition during the stage of anuria presents a problem. Vomiting 
may preclude oral therapy, but, if not, rice and karo® corn syrup may be given. 
This will provide considerable carbohydrate with practically no sodium. Unless 
replaced, the carbohydrate reserves are rapidly exhausted by the body, and then fats 
and proteins are catabolized. This results in further ketosis, azotemia, and the 
liberation of increasing amounts of potassium, phosphates, and sulfates into the 
extracellular fluids. The catabolism of 37.5 gm. of protein will lead to the production 
of 6,000 mg. of nonprotein nitrogen. This nonprotein nitrogen will be distributed 
throughout the body fluids and will cause a mean daily rise in the nonprotein 
nitrogen of 12 mg. per 100 cc. Along with this, there will be a daily rise of 1.86, 
1.66, and 0.324 mEq. per liter of sulfate, phosphate, and potassium, respectively.*** 

Approximately 500 cc. of preformed water and water of oxidation is liberated 
daily from the metabolism of these body stores. Intravenously administered dex- 
trose in amounts of 500 cc. of 10% solution and 200 cc. of 50% solution will provide 
150 gm. of carbohydrate daily. This carbohydrate has a dual purpose: 1. It spares 
protein and will reduce the amount of tissue breakdown for food, thus reducing the 
amount of urea and potassium liberated. 2. A high dextrose intake is desirable in 
the treatment of hepatitis. The use of protein hydrolysates or amino acids intra- 
venously is undesirable because of their sodium and potassium content. Vitamins 
C, K, and B complex should be given daily. 

Potassium metabolism is another important consideration in therapy. Normally, 
potassium is excreted daily in the amount of 40 to 100 mEq., but, during renal 
shutdown, total body excretion almost ceases. The catabolism of 1 gm. of body 
protein results in liberation of about 2.4 gm. of potassium. Hyperkalemia may ensue 
even in the face of vomiting, despite the fact that the potassium concentration of 
gastric juice may be two or three times the serum concentration.’* Potassium levels 
may be determined directly by means of the flame photometer or indirectly by 
frequent electrocardiograms. 

The earliest electrocardiographic sign of hyperkalemia is the development of tall, 
peaked T waves with narrow bases. These changes are best seen in the precordial 
leads. Hyperkalemia was successfully treated in two cases at the United States 
Public Health Service Hospital, Boston, with gastric lavage (Cases 1 and 7). When 
electrocardiographic signs of hyperkalemia were seen, a Miller-Abbott double-lumen 
tube (without balloon) was introduced into the stomach. Continuous suction was 
applied to one of the two lumina ; the other was connected through tubing to a large 
reservoir bottle which contained distilled water. Five to 6 liters of water was 
allowed to flow slowly through the tube while suction was maintained. No appre- 
ciable amount of water was allowed to be absorbed. A considerable amount of 
potassium may be removed in this way (see Case 1). It is possible that cation- 


15. Hoffman, W. S., and Marshall, D.: Management of Lower Nephron Nephrosis, Arch. 
Int. Med. 83:249-270 (March) 1949. 

16. Kugel.* Farrier and Smith.* Footnote 13a and b. Friedberg.’ 

17. Hicks, M. H.; Crutchfield, A. J., and Wood, J. E., Jr.: Intestinal Lavage in the Potas- 
sium Intoxication of Lower Nephron Nephrosis, Am. J. Med. 9:57-62 (July) 1950. 
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exchange resins will prove to be even more effective in such situations, if vomiting 
does not preclude their use.** Acid resin has been administered rectally in lower 
nephron nephrosis and apparently caused a slight fall in serum potassium.’ 

The treatment of the stage of diuresis likewise presents its problems. The main 
considerations are dehydration, hypochloremia, hyponatremia, hypokalemia, and 
tetany. During the stage of diuresis, massive amounts of water, chloride, and 
potassium are lost, as well as nitrogenous and weak acid waste products. 

Electrocardiograms and serum chloride determinations should be done daily. It 
is often necessary to give 5 to 8 liters of saline solution daily during this stage. 
The use of hypertonic saline solution may be indicated. The development of hypo- 
kalemia is usually indicated by the typical electrocardiographic changes, chiefly 
widening of the T waves, lowering of the voltage of the T waves, and prolongation 
of the Q-T interval. Clinically, hypokalemia may be indicated by weakness, lethargy, 
anorexia, paralytic ileus, and possibly pulmonary edema.*° Replacement therapy 
is then mandatory. Potassium chloride may be given parenterally at a rate of 20 
mEq. per hour, in a concentration of 70 to 80 mEq. per liter. Electrocardiograms 
should be taken hourly during the infusion. Potassium chloride and orange juice 
given by the oral route are preferable to parenterally administered potassium, unless 
vomiting is still present. 

During the phase of diuresis, increased excretion of calcium occurs. Usually 
the serum calcium has already been depressed because of a rising serum phosphorus. 
Although hypocalcemia may result, tetany may be prevented by the concomitant 
hypokalemia and acidosis. When the latter are corrected, tetany may appear. It is 
advisable, therefore, to administer calcium orally or parenterally prior to the 
potassium, if hypokalemia is known to exist. 

If a patient has been digitalized, one should guard carefully against digitalis 
poisoning. During the anuric phase, no maintenance therapy is required. During 
the phase of diuresis, hypokalemia and rapid mobilization of digitalis from edema 
fluid may precipitate signs of digitalis intoxication; restoration of normal serum 
potassium levels will alleviate the intoxication. 

Once the renal problem has been resolved, attention should be focused on the 
hepatic damage. Bed rest and adequate diet are the most important therapeutic 
modalities. When the results of liver-function tests indicate healing of the hepatic 
lesion, gradual ambulation should be permitted. 


SUMMARY AND CONCLUSIONS 


Descriptions of seven cases of carbon tetrachloride poisoning are presented, 
including the autopsy observations in one case. One patient survived despite the 
fact that the blood nonprotein nitrogen rose to 320 mg. per 100 cc. 

Carbon tetrachloride exposure is an important cause of lower nephron nephrosis. 
A history of exposure to this substance should be diligently sought in every case 
of acute urinary suppression of obscure origin. 


18. Sacks, M. S.: Ion Exchange Resins, Ann. Int. Med. $4:1066-1073 (April) 1951. 
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20. Hoffman, W. S.: Clinical Physiology of Potassium, J. A. M. A. 144:1157-1162 (Dec. 
2) 1950. 
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Carbon tetrachloride poisoning may masquerade, in its early stages, as an acute 
abdominal emergency requiring surgical intervention. Two patients were initially 
sent to a surgical ward. 

During the stage of anuria which sometimes occurs in carbon tetrachloride 
poisoning, water and electrolyte intake must be carefully restricted lest pulmonary 
edema be precipitated. Hyperkalemia may be alleviated by lavaging the stomach 
with distilled water; administration of cation-exchange resins may prove to be an 
even more effective measure. 

The stage of anurja is followed by a stage of diuresis. During this period, deple- 
tion of water, sodium, chloride, potassium, and calcium may develop, with serious 
consequences. 

J. Edwin Wood III, Research Fellow at Massachusetts Memorial Hospital, Boston, obtained 
the flame photometer determinations. 
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DRASTIC change of the mineral supply represents one of the main character- 
istics of the rice diet. The sodium and chloride intake is extremely restricted, 
about 4.3 mEq. of sodium and 5.6 mEq. of chloride in 24 hours, the potassium 
intake is unchanged or moderately increased, between 75 and 100 mEq., varying 
according to the amount and kind of fruits and fruit juices consumed. There is no 
doubt that a major part of the beneficial results achieved by the rice diet is due to 
the change in mineral metabolism. 

On the other hand, one of the objections to the rice diet is that this drastic 
change in the electrolyte supply might endanger the maintenance of the concen- 
trations of the individual electrolytes, as well as of the total osmolar concentration, 
of the body fluids. 

Irrespective of the possible benefits or dangers of the treatment, the patient who 
follows the regimen strictly gives an opportunity for study of the extent and limits 
of the adjustability of the physiological regulation of body fluid electrolytes in 
response to a drastic change in the electrolyte supply. For many weeks, the patient 
is kept under well-defined conditions of intake without major alterations from day 
to day. The long-continued, radical restriction of the sodium and chloride intake 
deviates to an extreme degree from the normal if one defines “normal” as the habits 
of nutrition developed over the centuries. Several publications already contain 
contributions to this question.” 


From the Department of Medicine, Duke University School of Medicine. 

This work was aided by grants from the Anna H. Hanes Memorial Fund and the National 
Heart Institute of the National Institutes of Health, Public Health, Public Health Service. 
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The present communication is concerned with serum electrolyte changes 
during rice-diet treatment in hypertensive patients without evidence of advanced 


renal involvement.® 
MATERIAL AND METHODS 


In order to study the “average” response of the serum electrolyte pattern to the conditions 
of the rice diet, patients were taken at random from those who were scheduled to start the 
rice-diet treatment. The only point of selection for this series was that the clinical diagnosis 
in each case was the same, i. e., hypertensive vascular disease without heart failure and without 
gross evidence of advanced renal involvement. Absence of gross evidence of advanced renal 
involvement was defined relatively generously, in that patients showing a slight albuminuria 
before the treatment or a total phenolsulfonphthalein excretion in two hours of not less than 
40% were not excluded from this series. 

Strict observance of the diet can easily be checked by determining the urinary excretion 
of sodium and chloride, which drops to a very low level. Any additions to the diet are 
reflected quickly in increased excretion of these electrolytes. Those patients who, on the 
basis of the urinary electrolyte excretion, were suspected to have deviated from the strict 
regimen were excluded from the series. This is an infrequent occurrence under the conditions 
prevailing in Durham: Only two patients who had been included originally had to be eliminated. 

Except for these 2, who were replaced by 2 others, the series consisted of 80 consecutive 


patients. 

The age of the patients ranged from 19 to 67, average 51 years. There were 44 men and 
36 women. They were all ambulatory, stayed in hotels or private homes, but took their meals 
at places where the rice diet is prepared under supervision. 

Thirty-nine of the 80 patients had albuminuria when they started the rice-diet treatment. 
Twenty-eight of the 80 patients had a total phenolsulfonphthalein excretion in two hours of 


between 40 and 50%; in the others the phenolsulfonphthalein excretion was above 50%. 

The serum electrolytes measured were sodium, potassium, total base, chloride, and bicar- 
bonate. In a number of the patients, the pH of the blood was also determined. All the 
determinations were done on blood samples drawn in the morning in the postabsorptive state 
of the patient one day before the start of the dietary treatment and after 5, 10, and 15 weeks 
on the diet. Venous blood was used, and no attempt was made to arterialize it. The arterio- 
venous differences with regard to carbon dioxide content and pH can be assumed to be 
relatively constant, venous blood being approximately 2 mEq. per liter higher in carbon 
dioxide and 0.03 lower in pH. These differences can be disregarded here, since the main 
interest lies in comparing the values before and during the treatment. 

Sodium and potassium were determined with the flame photometer (Perkin-Elmer, Models 
52A and 52C), using the lithium internal standard procedure.t Care was taken to avoid 
hemolysis. Total base was determined with the microelectrodialysis method described by 
Consolazio and Talbot,5 serum chlorides with the Van Slyke method,* and bicarbonate with 


3. Further communications are in preparation on serum electrolytes during rice-diet treat- 
ment in hypertensive patients with evidence of major renal involvement; on serum electrolytes in 
hypertensive rats treated with rice diet, and on the correlation between electrolyte concentration 
and volume of extracellular body fluids in hypertensive patients on rice diet. 

4. Berry, J. W.; Chappell, D. G., and Barnes, R. B.: Improved Method of Flame 
Photometry, Indust. & Engin. Chem. (Anal. Ed.) 18:19 (Jan.) 1946. Hald, P. M.: The Flame 
Photometer for the Measurement of Sodium and Potassium in Biological Materials, J. Biol. 
Chem. 167:499 (Feb.) 1947. 

5. Consolazio, W. V., and Talbot, J. H.: The Determination of Total Base in Biological 
Materials by Electrodialysis, J. Biol. Chem. 132:753 (Feb.) 1940. 
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Warburg manometers, applying the principles of the Van Slyke procedure’? to the War- 
burg apparatus.® 
RESULTS 

The table combines the results of the determinations of the serum electrolytes 
before and after 5, 10, and 15 weeks on the rice diet. In some cases the sodium 
values were relatively high, both initially and later (150 to 155 mEq. per liter). 
No correlation was noticeable between the higher serum sodium values and the 
clinical picture of the respective patients. On the other hand, some single sodium 
values after 10 to 15 weeks on the diet were relatively low; these will be discussed 
later. 

The determinations of total base substances, in addition to the separate deter- 
minations of sodium and potassium, were included because total base gives a 
measure of the total osmotic concentration; for the osmotic value of the extra- 
cellular fluid—at least under the conditions pertaining to this series of patients—is 
almost entirely accounted for by its ionic components; nonelectrolytes contribute 
very little. The total ionic concentration is given by the duplicated amount of either 
cations or anions since, with the approximately neutral pH of the blood, no appre- 


Serum Electrolytes During Rice Diet* 








Weeks on Diet 


0 5 10 15 
145.0 + 4.1 142.9 + 3.5 142.348 143.0 + 5.4 
Potassium 49+ 0.5 6.2+0.5 54+ 06 5.5 + 0.8 
Total base 157.6 + 4.1 156.0 + 3.7 154.0 + 4.6 153.8 + 5.6 
Chioride.... 100.7 + 3.0 4.149 4.34.9 95.0 + 5.8 
31.2+ 1.8 $4.2 + 2.2 34.5 + 2.4 34.4 + 2.5 








* Average values, with standard deviations, for 80 patients with hypertensive vascular disease, in milli- 
equivalents per liter. 


ciable quantities of free acid or base can exist and the sum of the cations must equal 
that of the anions. Total base is more important than total acid from the physio- 
logical point of view. Loss of anion in the extracellular fluid can easily be made up 
by increase in bicarbonate, as Gamble® has shown and as will be evident again 
later on. But loss of cation cannot be replaced; it must even reduce the total ionic 
concentration by double its amount, since it is connected with an equivalent loss 
of anion.*” Loss of cation means, practically, loss of sodium, since more than 90% 
of the total concentration of cations is sodium. 

The average of the initial serum bicarbonate levels is relatively high, even for 
venous blood. Almost all these patients had been treated previously elsewhere, and 
many had been placed on diets (though patients who had previously been treated 
with the rice diet itself were not included in this series). The dietary measures, 


7. Van Slyke, D. D., and Cullen, G. E.: Studies of Acidosis: I. The Bicarbonate Con- 
centration of the Blood Plasma; Its Significance, and Its Determination as a Measure of 
Acidosis, J. Biol. Chem. 30:289 (June) 1917. 

8. Warburg, O.: Ueber den Stoffwechsel der Tumoren, Berlin, J. Springer, 1926, p. 160. 
(English edition: The Metabolism of Tumours, London, Constable & Co., Ltd., 1930, p. 172.) 

9. (a) Gamble, J. L., and Ross, S. G.: The Factors in the Dehydration Following 
Pyloric Obstruction, J. Clin. Invest. 1:403 (June) 1925. (b) Gamble, J. L.: Chemical 
Anatomy, Physiology and Pathology of Extracellular Fluid, Cambridge, Mass., Harvard 
University Press, 1947. 
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for the most part, included some sodium chloride restriction, usually very moderate 
compared with that of the rice diet. But it induced to a certain degree the electrolyte 
changes which are apparent in this survey. (The same consideration applies to a 
slight reduction in the average of the initial serum chloride levels.) 

Statistical analysis shows that all changes of the means, with reference to the 
initial values, are highly significant, P being less than 0.01 in each instance. Esti- 
mation of the significance of the differences of the means for each five-week period 
reveals that the significant changes take place during the first five weeks. P is less 
than 0.01 for the mean differences of the 0 to 5-week periods and greater than 
0.05 for the mean differences of the 5 to 10- and 10 to 15-week periods for each 
of the electrolytes examined. 


COMMENT 


Sodium, potassium, and total base concentrations remained practically the same 
during the observation period of 15 weeks. (Total amounts of extracellular sodium 
and total base decrease because of the changes in extracellular fluid volume, as 
described by Murphy.’®) The slight drop in the concentration of sodium and total 
base and the slight increase in potassium, though statistically significant, are without 
clinical importance. Occasional determinations of the serum electrolytes after 
additional intervals of 3 to 36 months have proved that no patient whose serum 
electrolytes showed the “average” pattern, as described above, during the first 
period of strict dietary treatment and close observation deviated from that pattern 
in the period thereafter. The satisfactory regulation uf serum sodium, potassium, 
and total base decides whether the strict, unmodified diet can safely be used. 

Hyperpotassemia in the strict sense, as defined by a serum potassium concen- 
tration exceeding 5.5 mEq. per liter, is not an infrequent finding in patients on 
rice diet. As the Table shows, there is an increase throughout the period of strict 
rice-diet treatment, though very moderate on the average. But even in those 
instances in which the hyperpotassemia was somewhat more pronounced, there 
was never any indication of potassium intoxication. 

Whereas remarkable changes in the sodium, potassium, or total ionic concen- 
trations of the serum would clinically be of great importance, the not inconsiderable 
drop in serum chloride and the rise in serum bicarbonate, both usually observed 
in the rice-diet patient, do not represent any clinical dangers as long as they remain 
within the range found in the patients of this series. 

The urinary concentration of chloride, though greatly diminished, remains 
slightly higher than that of sodium (Fig. 1); the reverse is true for the fecal 
excretion of these electrolytes. 

Increase in bicarbonate and drop in chloride, though correlated, were not of 
equivalent magnitude in the subjects of this series, the latter exceeding the former 
by about 3 mEq. per liter—approximately the amount of decrease in sodium. 

Measurements of blood pH in a number of patients showed that on the average 
there was no change of statistical significance. In 45 patients on the rice diet for 
1 to 6 weeks, the pH of the venous blood averaged 7.38, with a standard deviation 
of 0.04; in 60 patients on the diet for 7 to 15 weeks, the pH averaged 7.41 + 0.05; 
17 persons on a normal mixed diet had a blood pH of 7.37 + 0.03. But if one 


10. Murphy, R. J. F.: The Effect of “Rice Diet” on Plasma Volume and Extracellular 
Fluid Space in Hypertensive Subjects, J. Clin. Invest. 29:912 (July) 1950. 
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considers the relation between blood pH and serum bicarbonate (Fig. 2), one finds 
a slight deviation of the pH toward the alkaline side of 7.4 in the patients with 
more pronounced bicarbonate increase. This is to be expected in the case of the 





90 


80 


70 














— Sodium 
o—— Chloride 
-—— Potassium 











0 10 20 30 40 50 60 
DAYS ON DIET 


Fig. 1—Urinary electrolyte excretion of a patient on rice diet. Electrolytes are measured 
in milliequivalents per 24 hours. 
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Fig. 2.—Relation of venous blood pH to serum bicarbonate in patients with hypertensive 
vascular disease on rice diet. 


so-called compensated metabolic alkalosis, since the adjusting defense mechanism 
does not usually prevent departure of pH completely. 

The changes found in the electrolyte pattern of the rice-diet patient take place 
mostly in the first five weeks of the dietary treatment. Then an equilibrium is 
reached, which shows that complete adjustment to the change in mineral intake can 
be achieved and is achieved in the patient with intact renal electrolyte regulation. 
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Though this is true for the vast majority of patients without gross evidence of 
advanced renal involvement, it cannot be completely relied upon in each individual 
instance. Four patients in this series had severe serum electrolyte disturbances as 
hyponatremia, hyperpotassemia, and hypochloremia. The 5% incidence of the 
low-sodium syndrome is similar to that observed in several hundreds of additional 
patients without major renal disease who were studied less systematically. The 
maximal deviations found in those four patients were 117.4 mEq. per liter of 
sodium, 74.9 mEq. per liter of chloride, and 7.4 mEq. per liter of potassium; these 
were easily corrected by small additions of sodium chloride as such or in form of 
toast or vegetables. (The serum electrolyte values which were found after the 
additions were given are not included in the calculation of averages.) These four 
patients did not, to begin with, present a clinical picture different from that of the 
other patients included in this study: the urinary findings were normal or minimally 
abnormal, and the phenolsulfonphthalein excretions in two hours were 49, 74, 46, 
and 71%, respectively. 

Patients in heart failure were not included in this series because they are under 
different conditions of “intake,” owing to the additional supply of electrolytes from 
the edema fluid after diuresis has begun. No patient with cardiac decompensation 
was seen who displayed an electrolyte imbalance on the strict rice diet. It is to be 
emphasized that these patients received neither ammonium chloride nor mercurial 
diuretics. 

It is concluded that satisfactory renal electrolyte regulation under the conditions 
of the strict rice diet can be expected in 95% of the patients without advanced renal 
involvement. 

SUMMARY AND CONCLUSIONS 

A survey is given of the serum electrolyte pattern of patients on strict rice diet. 
Sodium, potassium, total base, chloride, and bicarbonate were determined in 80 
consecutive patients with hypertensive vascular disease without gross evidence of 
advanced renal involvement. The determinations were made one day before the 
patient started the diet and after 5, 10, and 15 weeks. 

A moderate drop in chloride and, correspondingly, an increase in bicarbonate 
occur, both developing during the first weeks of the treatment. Sodium, potassium, 
and total ionic concentrations are essentially maintained. 

The metabolic state with regard to serum electrolytes of the “average” hyper- 
tensive patient on rice diet, that is, a patient with relatively undisturbed renal 
regulatory function, is that of a compensated metabolic alkalosis. 

The strict rice diet can be given without danger of serum electrolyte disturbance 
to all patients with cardiac decompensation and to 95% of those with good renal 
regulation. Difficulties have to be expected in patients with severe primary or 
secondary renal impairment (to be discussed in a later paper) and might arise in 
5% of those in whom urinary findings and results of renal-function tests seem to 
indicate an undisturbed renal regulatory function. 

Mr. Cecil Appleberry, Mrs. Evelyn Cohn, Mrs. Ruth Georgiade, Miss Margaret Nelson, 
and Miss Fides Ruestow gave technical assistance. 








TERRAMYCIN THERAPY OF URINARY TRACT INFECTIONS 


C. RAY WOMACK, M.D. 
GEORGE GEE JACKSON, M.D. 
THOMAS M. GOCKE, M.D. 
EDWARD H. KASS, Ph.D., M.D. 


THOMAS H. HAIGHT, M.D. 
AND 


MAXWELL FINLAND, M.D. 
BOSTON 


S PART of a general clinical evaluation of terramycin in the treatment of 
A infections,’ a detailed study was undertaken to determine the usefulness of 
this agent in therapy of infections of the urinary tract. While it is generally stated 
that treatment with the so-called broad-spectrum antibiotics is highly effective in 
urinary infections, there are few reports of their use in large numbers of carefully 
studied cases. The present report deals with the clinical and bacteriologic findings 


for more than 100 patients who were treated with terramycin for acute or chronic 
infections of the urinary tract. 


MATERIALS AND METHODS 


Patients—A total of 107 patients was studied, including 2 who were treated during two 
separate admissions and 1 during four admissions for recurrent episodes. All the patients had 
bacteria and pus cells demonstrated in the urine before terramycin administration was started, 
but five patients with symptoms referable to urinary tract infections were treated because of 
persistently positive cultures in the absence of pyuria. Most of the patients were observed in the 
medical wards of the Boston City Hospital, but 15 were treated while in the genitourinary 
service, 5 in the surgical wards, and 5 as outpatients. We are indebted to the members of the 
resident and attending staffs of the various services for their interest and cooperation in referring 
these patients to us and permitting us to carry on the therapy and make the necessary 
observations. 

The distribution of the patients according to sex, age, and race is shown in Table 1. There 
was a predominance of women (61%) and of patients in the seventh or later decades of life 
(60%). There was a much smaller proportion of men among the patients under 40 years (7% 
men and 38% women), while the reverse was true among those aged 60 and older (78% men 


This study was aided by grants from the United States Public Health Service and from the 
Milton Fund, 

From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), 
Boston City Hospital, and the Department of Medicine, Harvard Medical School. 

Dr. Womack is Post-Doctorate Research Fellow, National Institutes of Health; Dr. 
Jackson is Milton Fellow, Harvard Medical School, and Dr. Kass is Senior Fellow in Virus 
Diseases, National Research Council. 
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and 48% women). The 16 Negro patients included 12 women and showed a somewhat lower age 
distribution. 

Clinical Studies —The usual pertinent clinical and routine laboratory observations were made. 
Particular attention was paid in each case to the history and records of previous symptoms 
referable to the urinary tract and their treatment with antibacterial agents. Frequent urinalyses 
were performed and included microscopic examinations of the sediment. Leucocyte counts and 
urea determinations of the blood were made before treatment was started and repeatedly during 
and after therapy when indicated. For the purpose of some of the analyses, the cases were 
divided arbitrarily into three groups: (1) acute cases, (2) chronic cases, and (3) acute exacer- 
bations of chronic cases, depending on an estimate of the duration of the abnormal urinary 
findings and symptoms. 

Bacteriologic Studies.2—Cultures of the urine were made before terramycin treatment was 
started and, in most cases, also at frequent intervals during and after this therapy. In the female 
patients the urine was cbtained for this purpose by catheterization with aseptic precautions. In 
men, the penis and urethral meatus were thoroughly washed with soap solution and water 
followed by boric acid solution; the patient then voided successively into two containers, the 
second being a sterile beaker from which the urine was taken for cultures. In patients who had 
retention catheters or in whom bladder drainage was constant, the specimens of urine were 
obtained directly from the catheter. 


Taste 1—Age and Sex Distribution of 107 Patients Treated with Terramycin for Urinary 
Tract Infections 








Women Men & Women 

6 (2) 6 (2) 
14 (3) 15 (3) 

5 (2) 7 (8) 

6 (1) 8 (2) 

3 (1) 7 (@) 
16 (3) $1 (4) 
ll 27 

4 6 

65 (12) 107 (16) 


* Numbers of Negroes are shown in parentheses. 


The freshly collected urine was examined microscopically for pus cells and bacteria, and a 
small amount was inoculated into nutrient broth, pH *+7.4, and on the surface of plates of 
nutrient agar, blood agar, and eosin-methylene-blue agar. The sediment, after centrifugation, 
was used for this purpose when cells and bacteria were scant or were not seen on direct 
examination. The relative numbers of the various types of colonies were noted and then identified 
by their morphologic and cultural characteristics. Blood cultures were made before treatment 
for febrile patients and repeated when indicated; cultures were taken of other purulent or 
infected materials when relevant. 

Sensitivity Tests—Many of the strains which predominated or were present in large 
numbers in the direct cultures of the urine were tested for sensitivity to terramycin. A plate- 
dilution method was used which involved inoculating each strain from a broth culture to a 
segment of each of a series of agar plates containing twofold concentrations of antibiotic in an 
appropriate range. The plates were examined for growth after incubation at 37 C. for 48 hours. 
The sensitivity was defined as the minimum concentration of antibiotic on which there was no 
growth discernible with the aid of a hand lens (x3) at that time. 

Dosage of Terramycm.—Almost all the terramycin* was given by mouth, usually in doses 
of 0.5 gm. every six hours; 15 patients, however, received 0.5 gm. every four hours, and a few 
additional patients were given the drug on a variety of other dosage schedules for all or part of 


2. Bacteriologic studies were carried out with the assistance of Clare Wilcox, Christine 


Laforet, Marion E. Lamb, and A. Kathleen Daly. 
3. The terramycin was generously supplied through the courtesy of Dr. Gladys L. Hobby, 


of Chas. Pfizer & Company, Inc., Brooklyn 6. 
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their course. Two patients received intravenous injections of 500 mg. twice daily for part of their 
course when they could not retain the oral medicament. Therapy with terramycin was continued 
for periods ranging from 2 to 32 days, but 85% of the patients were treated for 3 to 8 days. The 
total dose varied from 4 to 29 gm., about 80% receiving between 6 and 15 gm. The average total 
dose used in each case was 16 gm., given over an average of about six and one-half days. 

Previous Antibacterial Therapy—Most of the patients had received some form of anti- 
bacterial therapy, usually with little or no relief or with only temporary improvement, before 
the terramycin treatment was started. The following agents had been used singly or in 
combination: sulfadiazine or sulfamerazine in 34 cases, penicillin in 33, gantrisin® (3, 4- 
dimethy1-5-sulfanilamido-isoxazole) in 5, aureomycin in 4, streptomycin in 2, and chlorampheni- 
col and neomycin each in 1 case. There were only 40 patients to whom no previous antibacterial 
therapy had been given for the same urinary tract infection. 

Predisposing Factors—Most of the patients had some underlying local condition in or near 
the urinary tract or some systemic disease which predisposed them to urinary tract infections or 
tended to aggravate such infections when they occurred. These are listed in Table 2, with the 
frequency of their occurrence in each of the three groups of cases. There were only 24 patients 
in whom no known predisposing factors were recognized. 


Taste 2.—Predisposing Factors in 112 Cases of Urinary Tract Infections Treated with 
Terramycin 








30 Acute 
Episodes in 
43 Acute 39Chronic Chronic All 112 
Predisposing Factors * Cases Cases Cases 
Catheterization (repeated or indwelling) 13 36 
Benign prostatic hypertrophy 4 24 
Recent operation involving urinary tract § 13 25 
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* Occurring separately or in combination. 
RESULTS 

Bacteriologic Findings.—Inasmuch as terramycin may be expected to exert its 
effect on urinary tract infections primarily, if not solely as a result of its antibacterial 
action, this aspect received major attention and is presented in detail. The results 
of the cultures of the urine in all the cases before, during, and after terramycin 
therapy are summarized in Table 3. In this table the fate of the various organisms 
is indicated in relation to the therapy. 

The results varied with the organism and will, therefore, be considered separately 
for the different species. Strains of Escherichia coli and Aerobacter aerogenes were 
the ones most frequently isolated before terramycin administration was started, and 
these will be considered first. 

E. Coli.—In the great majority of the 46 cases in which E. coli was cultured 
from the urine before terramycin therapy was started, including the 3 with blood 
cultures positive for the same organism, the colon bacillus was cleared from the 
urine and blood during the course of the terramycin therapy. In only seven cases 
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was E. coli still present in cultures of the urine made after the treatment ended, and 
in two additional cases this organism persisted during therapy, but there were no 
follow-up cultures made. One strain of E. coli, which was demonstrated for the 
first time after terramycin treatment was started, could not be identified in subse- 
quent cultures from the same patient, but strains of this organism first appeared in 
two additional cases after the completion of the terramycin therapy. 

A. Aerogenes.—Strains of this organism were isolated from the urine in 7] 
cases and also from the blood in 9 of these cases before terramycin administration 
was started. The strains persisted or cleared slowly during this therapy in a greater 
proportion of these cases than of those showing E. coli. However, they were cleared 
promptly from the blood in eight of the nine bacteremic cases. Strains of A. aero- 
genes were still cultured from the urine in 14 cases after the course of treatment 


Tas_e 3.—Bacteriologic Findings in Urine in 112 Cases of Urinary Tract Infections Treated 
with Terramycin.* 
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sbown'in parentheses, Guperseripts indicate number of casee im which the indicated changes occurred during the course 
ERR ne a aetna 
with terramycin was ended. In six additional cases in which no cultures were made 
after completion of the treatment, the organisms persisted during the course of this 
therapy. Strains of A. aerogenes were isolated for the first time during terramycin 
administration in two cases and after the end of the treatment in one additional case; 
in both of the former, the organisms cleared before the therapy was completed. 

Proteus Vulgaris——This organism was found in the pretreatment cultures of the 
urine in 20 cases, and in 1 of them it was also obtained from the blood. Although 
the strains of this organism were cleared during or after terramycin therapy in 11 
of these cases, additional strains appeared for the first time in the urine of 19 
patients (also in the blood in 2 of them) while the terramycin was being given and 
in the urine of 14 additional patients after this therapy was stopped. 

Pseudomonas Aeruginosa (Bacillus Pyocyaneus).—Strains of this organism 
were present in the urine of eight patients before terramycin treatment was started ; 
they were cleared from six of these cases during the period of observation. However, 
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additional strains appeared in the urine of six other patients for the first time during 
the antibiotic therapy or after it was ended. 

Staphylococci—Strains of various staphylococci were present in the urine of 
only seven patients before terramycin therapy was started and were also obtained 
from the blood of two of these patients. However, they were the most frequent 
among the organisms that were isolated for the first time while terramycin was being 
given (26 cases) or soon after its administration was stopped (15 additional cases). 
More than half of these new organisms were hemolytic, coagulase-positive strains 
of Staphylococcus pyogenes var. aureus. 

Enterococci.—These organisms were cultured from the urine in only five cases 
before treatment with terramycin began and were eliminated during the therapy in 
each instance. Additional strains were isolated in two cases during therapy, and 
from three additional patients after the terramycin treatment was stopped. In both 
the former cases the organisms had been cleared from the urine while terramycin 
administration was still being continued. 


TaBLe 4.—Effect of Terramycin Therapy on Bacteriuria 








Acute 


Episodes 
Acute Chronie in Chronic 
Cases * Cases* All Cases * 
Organisms cleared: 
Rapidly 6 19 
Slowly during therapy 5 (1) 17 ( 8) 
After terramycin therapy was stopped 2 ( 2)t 4 (3) 
Original organisms persisted 9( 4)t 22 ( 8) 
Original organisms persisted and additional strains cultured 4(0§ 13 ( 5) 
Original organisms cleared but replaced by other strains.. 12 ( 3)t 83 (11) 
No follow-up cultures after terramycin therapy started... 1 4(1) 


Total number of cases..........++ avedecssecescovcosice 89 (11) 30 ( 9) 112 (81) 


* The number of cases in which more than one organism was isolated before treatment is shown in 


paren > 
t One had three strains. 
Three had three strains, and one had four strains. 
One had four strains. 
Three had three strains. 





Candida.—Strains of yeast or fungi were not identified in any of the pretreat- 
ment cultures. Candida organisms were cultured from two patients during terra- 
mycin therapy and from two additional patients after the treatment was stopped. 

The results with respect to the various species of organisms may be summarized 
briefly. While E. coli and A. aerogenes were the most frequent organisms present 
in urine before terramycin therapy was started, strains of these organisms were 
cleared in most cases during or soon after the course of treatment with this anti- 
biotic. On the other hand, strains of P. vulgaris or of staphylococci, although less 
frequently found in the pretreatment urine cultures, persisted in a greater proportion 
of cases and appeared even more frequently for the first time during or after the 
terramycin therapy. Strains of Pseudomonas and enterococci initially present were 
usually cleared, but new strains appeared frequently. Strains of Candida were 
isolated only after terramycin treatment was started. 

The total effects of terramycin on the bacteriuria are also summarized in Table 
4 with respect to each of the three clinical groups of cases. Sterile cultures of the 
urine were achieved with terramycin therapy in only 40, or 37%, of all the 108 cases 
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in which cultures were made after this treatment was started. Essentially the same 
proportion of cases in each of the three clinical groups was rendered bacteria-free 
by this treatment. In about one-third of the cases the original pretreatment strains 
persisted, and in 13 cases new strains appeared in addition. In approximately 
another third of all the cases the pretreatment strains were cleared from the urine, 
but they were replaced in the course of terramycin therapy by new strains which 


Taste 5.—Terramycin Sensitivity of 134 Bacterial Strains Isolated from Urinary Tract 
Infections: Relation to Effects of Terramycin Therapy on Bacteriuria 
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+ Coagulase-positive strains. 
had not been identified in the specimens of urine obtained before terramycin adminis- 
tration was started. 

Mixed Infections More than one bacterial strain was identified in pretreatment 
cultures of the urine in 31 cases, four strains being obtained in 2 cases, three strains 
in 11 cases, and two strains in each of the remaining 18 cases. These mixed infec- 
tions occurred in about equal frequency in each of the three clinical groups. 

The bacteriologic results obtained in these cases are also indicated in Table 4. 
Sterile urines were achieved after the institution of terramycin therapy in only 6 of 
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the 30 of these cases in which follow-up cultures were made. In 11 others, although 
one or more of the pretreatment strains were cleared, new ones made their appear- 
ance in subsequent urine specimens. In 13 of the cases of mixed infections, the 
original organisms persisted, with additional new strains making their appearance 
in the urine after the onset of therapy in 5 cases. 

The results of treatment with terramycin in cases of initial mixed bacterial 
infections of the urine were, therefore, inferior to those achieved in cases in which 
a single organism was originally present only so far as sterilization of the urine 
was achieved in a somewhat smaller proportion of the former. 

Sensitivity of the Strains to Terramycin and Its Relation to the Bacteriologic 
Results.—Tests for sensitivity to terramycin were carried out with 134 of the strains 
that were isolated from the urine. These strains were obtained in each instance 
either in pure culture—or as the predominant organism—in 102 cases before terra- 
mycin therapy was started and in 32 instances during the course of therapy with 
this antibiotic. The results are shown in Table 5. The fate of all but 5 of the 102 
pretreatment strains, as revealed by subsequent cultures of the urine after terra- 
mycin was given, is also indicated in this table. € 

The strains of E. coli were the most sensitive of those tested. The minimum 
complete inhibiting concentrations of terramycin, by the method used,* were between 
12.5 and 50 y per milliliter for 81% of these strains, and only two of them required 
200 y per milliliter or more for complete inhibition and may arbitrarily be defined 
as resistant. The strains of A. aerogenes were only slightly less sensitive. More than 
three-fourths of the 49 strains of this organism were completely inhibited by con- 
centration of 25 to 100 y per milliliter, and only 6 (12%) were resistant. 

Interestingly enough, all the eight resistant strains of E. coli and A. aerogenes 
were isolated before terramycin therapy was started, and five of them cleared during 
the course of treatment with this agent. Among the “sensitive” strains, that is, 
those completely inhibited by 100 y per milliliter or less, about 23% persisted, while 
the rest cleared during therapy with terramycin. 

Only five strains of Ps. aeruginosa were tested, three of them being found 
sensitive to 25 to 100 y per milliliter, and the other two requiring 400 y per milli- 
liter or more for complete inhibition. One of the latter persisted, and the other was 
first isolated during the course of terramycin therapy. Of the three sensitive strains, 
only the most sensitive one persisted ; the others were cleared from the urine while 
the terramycin was still being given. 

The strains of P. vulgaris and of Staph. pyogenes var. aureus were the most 
resistant of those tested. Only two strains of each of these organisms were sensitive. 
All the staphylococci that were tested for sensitivity were hemolytic and coagulase- 
positive strains. Both of the sensitive staphylococcal strains and one strain of the 
Proteus organisms cleared rapidly after terramycin treatment was started. Most of 
the resistant strains of P. vulgaris (17 of the 26 strains) and all the terramycin- 
resistant staphylococci had been isolated for the first time after treatment with 
terramycin was started. Of the nine resistant strains of P. vulgaris that were 


4. It is to be borne in mind that the actual values for sensitivity, as determined here by the 
48-hour reading with the plate-dilution method, may be much higher than those usually quoted 
when the tests are carried out by other methods. Some comparisons of results obtained in 
parallel by this and other methods have been reported elsewhere by G. G. Jackson and M. Finland 
(A. M. A. Arch. Int. Med. 88:446-460 [Oct.] 1951). 
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obtained from pretreatment urines, four cleared during the course of terramycin 
administration, while the other five persisted. 

The results for all the organisms are summarized in the lower portion of Table 5. 
These results will be considered first in relation to the effect of the therapy. Of 
the 52 strains which cleared promptly after terramycin therapy was instituted, 48 
(92%) were sensitive. Among the 17 strains which were still present early in the 
course of treatment but were cleared from the urine before the terramycin therapy 
was ended, 12 (71%) were sensitive. Likewise, 19 of the 28 strains (67%) which 
persisted after therapy were sensitive to 100 y per milliliter or less of terramycin. 
On the other hand, the 32 strains which were first isolated after terramycin therapy 





Taste 6.—Effect of Terramycin Therapy on Pyuria in 112 Cases of Urinary Tract Infections 
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was started were almost all resistant to that antibiotic, only 1 being inhibited by 100 
and another by 200 y per milliliter, while the rest required 400 y per milliliter or 
more for complete inhibition. 

Conversely, considering the fate of the strains of different sensitivity, it is seen 
that of the “sensitive” strains only 1 (which was sensitive to 100 y per milliliter) 
was first isolated after treatment was started and 18 (24%) of the remaining 78 
sensitive strains for which there were follow-up data persisted in spite of the 
terramycin therapy. On the other hand, among the 49 resistant strains, 31 (63%) 
were first isolated after terramycin treatment was started, and one-half of the 
remaining 18 strains persisted in the urine in spite of terramycin therapy. 

There was, thus, a fairly good correlation between the sensitivity of the strains 
to terramycin and the effect of therapy with this antibiotic. The great majority of 
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the sensitive strains were isolated before the terramycin therapy was started and 
were eliminated from the urine during the course of treatment. On the other hand, 
almost two-thirds of the resistant strains were isolated for the first time after terra- 
mycin administration was started. Of the resistant strains that were originally 
isolated before treatment began, one-half persisted during the course of terramycin 
therapy. 

Effect of Terramycin Therapy on Pyuria—The degree of pyuria present in the 
cases in each of the clinical groups before terramycin treatment was started and the 
effect of that treatment on the pyuria are shown in Table 6. In the entire series 
clearing or appreciable improvement in the pyuria was observed in 55 cases; no 
appreciable change was made out in 47 cases, and the pyuria became more marked 
in 3 cases during or soon after the course of terramycin therapy. 

The results with respect to the pyuria appeared to be somewhat better in the 
more acute cases. Thus, 28, or 68%, of the 41 “acute cases” in which there were 
follow-up studies of the urine showed clearing or reduction of the pyuria; this 
compares with 54% showing similar clearing or improvement among the “acute 
episodes in chronic cases” and 40% among the “chronic cases.” 

Considered from the point of view of the degree of pyuria present before terra- 
mycin therapy was started, the percentage showing clearing or improvement was 
greatest (64%) among the cases in which pyuria was most marked (+++), least 
(36%) among those with initiaily only slight microscopic pyuria (+), and inter- 
mediate (53%) in those with moderate pyuria (+--+-) before terramycin treatment 
was started. 

Changes in Blood Urea Nitrogen.—There were a few patients in whom changes 
of significant magnitude occurred in the blood urea nitrogen values during the 
course of terramycin therapy. In five patients, the pretreatment levels were moder- 
ately elevated and the values rose markedly during treatment with terramycin. This 
rise was associated, in four of these patients, with marked nausea and vomiting that 
began after the antibiotic therapy was started, and three of them died. In four 
additional patients the blood urea nitrogen rose markedly from normal values during 
treatment ; in one of these patients also, the rise began after the patient exhibited 
uncontrollable and severe nausea, vomiting, and diarrhea which persisted until the 
patient died. Reduction from initially high values to normal levels occurred during 
therapy in two patients. 

Blood Leucocyte Counts (Table 7).—Data concerning the effect of terramycin 
on the total leucocyte counts were available in 104 cases. In 64 of them the pre- 
treatment values were in the normal range; these values remained normal in 59 
cases and rose above 12,000 during therapy in the other 5. In the remaining 40 cases 
the total counts were greater than 12,000 before treatment was started ; among them 
the counts returned to normal during treatment in 27 cases, remained elevated 
without much change in 9, and rose to higher levels in 4 cases while treatment with 
terramycin was being given. 

Effect on Fever (Table 7).—More than half of the patients were essentially 
afebrile both before and throughout the course of terramycin therapy. The oral 
temperature was 100 F. or higher before the treatment was started in 43 cases; 27 
of these were acute cases, 2 were chronic, and 14 were in the group of acute episodes 
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in chronic cases. In the majority of the cases (29) the temperature ranged between 
102 and 104.5 F. The temperature returned to normal within 48 hours after terra- 
mycin administration was started in 20 of these 43 cases, during the 3d or 4th day 
of therapy in 13, and between the 5th and 10th days in 5, while fever persisted 
throughout the treatment period in the remaining 5. 

Fever occurred for the figst time during the course of terramycin therapy in 
eight additional patients; six of these were in the “chronic” group, and one in each 
of the other clinical groups. In the two latter patients and in three of the former, 
the fever then persisted until the patient died. Two of the three remaining patients 
stayed febrile throughout the course of terramycin therapy, while in the other 


Taste 7.—Effect of Terramycin Therapy on Leucocyte Counts, Fever, and Urinary Tract 
Symptoms 
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patient the temperature returned to normal after one day. In all these patients the 
fever was associated with aggravation of the urinary infection and could not be 
attributed to drug toxicity. 

Effect on Symptoms (Table 7).—Symptoms ascribable to the urinary tract 
infection were present at the time treatment was begun in all but 26 of the cases, 
16 of the 26 being among the chronic cases. The characteristic symptoms were 
essentially cleared during the course of terramycin therapy in 55 cases; in most of 
them the major improvement occurred within the first four days after the treatment 
was started. In 20 of the cases the symptoms were unaffected by the terramycin 
therapy, and in 11 additional cases there was temporary improvement after treat- 
ment was started with a relapse of symptoms usually before the course of terramycin 
administration was completed. 
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General Estimate of Beneficial Effects of the Terramycin Therapy.—Atfter all 
the data became available in each case, they were reviewed in an attempt to arrive 
at a general estimate of the total effect of the terramycin therapy in that case, taking 
into account both the clinical and the laboratory findings. The results are summar- 
ized for each of the clinical groups of cases in Table 8. 

Significant to excellent beneficial effects, both clinical and bacteriologic, were 
achieved in about half of all the cases. The proportion was only slightly higher in 
the acute cases than in the other groups. In another 29% of the cases the effects 
were equivocal or any improvement that occurred was ascribable to procedures other 
than the terramycin therapy. In 22% of the cases there was no clinical or 
bacteriologic improvement, and in many of these cases the urinary tract infection 


Taste 8.—General Evaluation of Results of Terramycin Therapy in 112 Cases of Urinary Tract 
Infection 
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* Deaths are indicated in parentheses. 


TaBLe 9.—Significant Toxic Effects of Terramycin Observed During Treatment of 112 Cases 
of Urinary Tract Infections 








Number of Per Cent 
Toxic Effects Cases * of Cases 


Nausea and vomiting t 25 (10) 22 (9) 
Diarrhea eats 8 (3) 
Nausea, vomiting and diarrhea a 1 10 
Severity required reduction in dosag 
Severity required discontinuance nes 
No toxic effects 60 


100 


aaa, oe in parentheses represent cases with transient symptoms that cleared while therapy was 
t One patient had severe sore tongue and mouth in addition. 

progressed in spite of the treatment. There were 14 deaths in this series, most of 

them in the latter cases. 

Untoward Effects—The toxic effects directly attributable to the terramycin 
were limited essentially to the gastrointestinal tract. These are listed in Table 9. 
Although 67 patients are indicated as having no significant toxic symptoms, most of 
them experienced anorexia and slight nausea, but this did not interfere with the 
therapy in the prescribed dosage. Nitrogen retention in some of the cases may have 
been caused or aggravated by the terramycin or, more likely, by the nausea and 
vomiting which accompanied its administration. This aspect has been noted earlier. 
No instances of drug fever or skin eruptions attributable to terramycin were 
encountered in the present cases. No evidences of blood dyscrasias or impairment 
of hepatic function .ascribable to terramycin therapy were recognized or suspected, 
although special studies were not made to elicit minor effects. 
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Fatal Cases.—Because the fatal cases presented a variety of important features 
referable both to the types of infection treated and to the effects of the terramycin 
therapy, the relevant findings in each of these cases will be summarized briefly. 


Case 3.—A 26-year-old Negro woman, with mild diabetes, was readmitted three weeks after 
a right ureterolithotomy because of chills, fever, and right flank pain of three days’ duration. 
Her urine was loaded with pus cells, and a culture yielded A. aerogenes. The pus and organisms 
persisted during and after treatment with 12 gm. of terramycin given over six days, and Staph. 
pyogenes var. aureus later appeared in the sputum. Nausea and vomiting were present on 
admission but subsided along with the fever and flank pain after two days. Chills, fever, and 
flank pain recurred after this treatment was stopped and were then unaffected by penicillin and 
streptomycin administration. A right perinephric abscess was incised and drained, but the patient 
died two days later. The diabetes was well controlled throughout. Necropsy showed acute and 
chronic pyelonephritis and necrotizing papillitis, hemorrhagic cystitis, right perinephric abscess, 
and extensive bilateral pneumonia. A. aerogenes was obtained in pure culture from the cardiac 
blood and left lung and, together with hemolytic Staph. pyogenes var. aureus, from the right 
lung. 

Cast 4.—An 84-year-old woman entered two days after a brisk nosebleed. She had had 
anorexia, malaise, and headache for three weeks. On admission she was found to have hyper- 
tension, anemia, rales in both lungs, marked oliguria and pyuria, and a blood urea nitrogen level 
of 90 mg. per 100 ml. An indwelling catheter was required throughout her stay in the hospital. 
Urine cultures showed A. aerogenes before and throughout terramycin therapy, but P. vulgaris 
was obtained subsequently. Terramycin therapy was started but had to be discontinued on the 
fourth day after 4.5 gm. had been given because of severe vomiting which began on that day. 
The blood urea nitrogen rose to 150 mg. during treatment and then to 211 mg. per 100 ml. two 
days later. A loud pericardial friction rub developed and increased in intensity, and the patient 
died. There was no autopsy. 

Case 5.—A 72-year-old woman entered the hospital after four weeks of anorexia, vomiting, 
and diarrhea, associated with an extensive purpuric rash on the trunk and extremities. There 
was blood in the stool and vomitus. There was little improvement from therapy, which included 
transfusions and large doses of ascorbic acid. She required an indwelling catheter, and pyuria 
developed. E. coli was obtained from cultures of the urine. Treatment with terramycin was 
started during the third week in the hospital, a total of 8 gm. being given in seven days. The 
vomiting and diarrhea continued and necessitated first a reduction in dosage and then dis- 
continuation of use of the drug. E. coli persisted in the urine during this treatment, and 
hemolytic Staph. pyogenes var. aureus also appeared and persisted in the urine. The blood urea 
nitrogen was 43 mg. per 100 ml. on admission, had risen to 92 mg. prior to the terramycin 
therapy, and rose further to 253 mg. during this treatment. Necropsy showed focal embolic 
glomerulitis with lower nephron nephrosis, a cyst of one kidney, pulmonary congestion, and 
bilateral hydrothorax. E. coli was grown from the cardiac blood and hemolytic Staph. pyogenes 
var. aureus from the lung. 

Case 29.—A 62-year-old man entered the genitourinary service because of epigastric and left 
flank pain, chills, and fever of three days’ duration. Several years previously he had been treated 
for urethral strictures, a perineal abscess, and rectal fistula and after that had had several episodes 
of urinary retention. Treatment was started with terramycin promptly after A. aerogenes was 
grown from the blood and urine samples that were obtained on entry. His condition improved 
slightly, but he soon became oliguric, and his blood urea nitrogen rose from 28 to 107 mg. per 
100 ml. A left ureterolithotomy was then performed, and the patient promptly became afebrile, 
and his condition improved markedly. A. aerogenes was cleared rapidly from blood and urine 
but was soon replaced in the latter by P. vulgaris. The patient became ambulatory, but after a 
week he again became febrile and had frequent chills. Blood cultures then showed hemolytic 
Staph. pyogenes var. aureus. Many rales appeared throughout the lungs, and the patient died. 
Terramycin administration was continued throughout his course, a total of 48 gm. being given 
by mouth in 22 days. In addition, penicillin and streptomycin were given intramuscularly during 
the last six days. Necropsy revealed an acute verrucous endocarditis of the pulmonic valve (a 
smear of a crushed vegetation was teeming with Gram-positive cocci); septic infarcts of both 
lungs; acute left pyelitis and ureteral stricture; hemorrhagic cystitis, and embolic abscesses of 
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the skin. Hemolytic Staph. pyogenes var. aureus was obtained in pure culture from the cardiac 
blood, left lung, and left renal pelvis. 

Case 35.—An 80-year-old woman had urinary incontinence, frequency, and dysuria for one 
year and because of a fall had been confined to bed for several weeks before entering the hospital. 
She had senile purpura, macrocytic anemia, fever, signs of diffuse bronchitis, and marked pyuria, 
and E. coli was grown from her urine. The pyuria was not improved after five days of treatment 
with sulfadiazine, 3 gm. daily, but the fever subsided in 24 hours, and E. coli was replaced in 
the urine by A. aerogenes. She was then treated with terramycin and received 10 gm. in four 
and one-half days. Nausea and vomiting began on the fourth day of this treatment; severe 
diarrhea began two days later and continued for three days. During terramycin therapy, A. 
aerogenes was rapidly replaced in cultures of the urine by hemolytic Staph. pyogenes var. aureus, 
which was then present in pure culture. Penicillin was given intramuscularly in large doses 
without effect. The leucocyte count, which had dropped from 15,000 per cubic millimeter to 
7,900, rose to 28,700; throat cultures, which had shown a normal mouth flora before terramycin 
treatment was started, yielded hemolytic Staph. pyogenes var. aureus in pure culture. There were 
signs of increasing pulmonary infection, and the patient died five days after terramycin therapy 
was stopped. 

Case 40.—A 67-year-old woman had urinary frequency for several years and was admitted 
after excessive ingestion of a barbiturate. She was semicomatose and incontinent but afebrile. 
Terramycin therapy was started four days after entry because the urine contained much pus and 
yielded A. aerogenes on culture. During treatment, the pyuria and bacilluria persisted, the 
temperature rose gradually to 103 F., and the white blood cell count rose from 5,800 to 12,000. 
Nausea and vomiting began on the second day and diarrhea on the third day of the terramycin 
therapy. The patient died suddenly on that day, after receiving a total of only 5 gm. of 
terramycin. The lungs remained clear, and the exact cause of death was not determined. 

Case 50.—A 75-year-old man who had been bedridden for 23 years because of paralysis of 
the legs and who had had many episodes of abdominal pain and diarrhea for 10 years was 
admitted to the hospital because of frequency, nocturia, and dysuria of three or four months’ 
duration. For several weeks a retention catheter was kept in place. During this time he 
received sulfadiazine for 10 days because of pyuria, which improved with this therapy. Three 
weeks later, the patient forcibly removed his catheter and produced considerable local trauma. 
The pyuria had previously recurred, and so, after the temperature rose to 104.5 F., terramycin 
therapy was started. Cultures of both the blood and the urine taken before the first dose yielded 
P. vulgaris. Subsequent cultures were negative, but the pyuria persisted. The temperature 
dropped to normal within 48 hours and subsequently rose irregularly to 100 F. The patient 
received a total of 9 gm. of terramycin in five days without untoward symptoms. Four days 
later severe diarrhea suddenly developed, his condition rapidly deteriorated, and he died. 
Necropsy revealed arteriosclerotic heart disease with fenestration of the cusps of the aortic valve; 
pulmonary congestion and edema; early bilateral pneumonia, and retention cysts of both kidneys. 
Cultures of both lungs and of the bladder urine all yielded Staph. pyogenes var. aureus, E. coli, 
A. aerogenes, and P, vulgaris. 

Case 61.—A 70-year-old woman with diabetes and hypertension of long standing was admit- 
ted in a semicomatose condition after what was thought to have been a cerebrovascular accident. 
She was given penicillin intramuscularly as prophylaxis. However, because of persistent and 
marked pyuria, this was stopped; oral administration of terramycin was started, and a total of 
16 gm. was given in eight days. Toward the end of this time the patient had considerable nausea 
and vomiting. During the therapy she remained afebrile, but thrombophlebitis developed in one 
leg. Cultures of the urine before treatment yielded P. vulgaris and A. aerogenes; the former 
cleared promptly, but the latter persisted throughout. The pyuria was unaffected. On the eighth 
day she suddenly lapsed into coma; her temperature rose steadily, and she died. Necropsy 
revealed that she had died of acute coronary thrombosis. The brain was grossly normal except 
for basal arteriosclerosis, and there was chronic cystitis. 

Case 71.—A 72-year-old woman who had been in bed with cardiac failure for three weeks 
entered the hospital three days after the onset of fever and a persistent cough. There were rales 
in both lungs. Penicillin was given intramuscularly, and the fever subsided; however, a slight 
pyuria which was present on entry increased markedly, and cultures of repeated urine specimens 
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all yielded A. aerogenes. The patient was given a course of 16.5 gm. of terramycin in eight days 
without untoward effects. The pyuria cleared promptly, but bacilluria persisted, numerous 
organisms being seen in smears of freshly voided, unsedimented urine. The fever returned during 
the terramycin therapy; the patient’s condition deteriorated progressively, and she died. At 
necropsy bilateral pneumonia, recent infarcts of the spleen and left kidney, and chronic pyelo- 
nephritis were present. A culture of the spleen yielded no growth, but bladder urine yielded A. 
aerogenes in pure culture. i 

Case 72.—A Negro woman, aged 67, entered the hospital with history and physical findings 
consistent with cancer of the stomach. There had been no urinary symptoms, but pyuria and 
bacilluria were demonstrated in all specimens, and cultures yielded E. coli. Intravenous pyelo- 
grams revealed a kinking of the right ureter as it entered the pelvis. After two weeks, therefore, 
the patient was given a total of 12.5 gm. of terramycin in six and a half days. There was some 
transient nausea and vomiting. The pyuria improved markedly, and repeated urine cultures were 
sterile until the last day of treatment, when a moderate growth of hemolytic Staph. pyogenes 
var. aureus was obtained. The patient died two weeks later without further antibacterial therapy. 
At necropsy an adenocarcinoma of the stomach, bronchopneumonia, fibrinous pericarditis, and 
focal healed pyelonephritis were observed. Cultures of the cardiac blood yielded hemolytic Staph. 
pyogenes var. aureus, and the same organism and Ps. aeruginosa were obtained from both lungs. 

Case 93.—A 76-year-old man had had prostatism for five years, which had been worse for 
five months. For one month his urine had been cloudy and foul-smelling. When he was first 
seen, the patient was drowsy and vomiting and had a markedly enlarged and hard prostate, and 
there were signs of congestive heart failure. The urine was cloudy and loaded with bacteria. 
Cultures yielded A. aerogenes, E. coli, and enterococci. During 11 days of intramuscular treat- 
ment with penicillin, the pyuria persisted, the E. coli and enterococci were eliminated from the 
urine, but cultures now revealed A. aerogenes and P. vulgaris in large numbers and some Ps. 
aeruginosa organisms. A course of 8.5 gm. of terramycin was then given over five days. The 
pyuria was again unaffected; the Aerobacter and Ps. aeruginosa organisms cleared gradually, 
and on the last day of treatment only P. vulgaris was still obtained from the cultures. The blood 
urea nitrogen was 45 mg. per 100 ml. before treatment and dropped to 27 mg. Terramycin 
therapy was stopped because of vomiting. The urine again became very cloudy and foul-smelling. 
The patient’s condition became gradually worse, and he died three weeks later, probably of a 
cerebrovascular accident. There was no autopsy. 

Case 97.—A 64-year-old man had symptoms of prostatism for 10 years and recurrent episodes 
of pyuria, urgency, and frequency. One week before entering the hospital he began to pass only 
small amounts of urine; three days later he stopped voiding completely and required repeated 
catheterization. He had a moderately enlarged prostate, and intravenous pyelograms showed 
bilateral hydronephrosis and hydroureters and a diverticulum of the bladder. Penicillin was 
given intramuscularly and gantrisin® orally for 18 days; during the first week a diverticulectomy 
was done and a suprapubic catheter left in place. These procedures resulted in a reduction of 
fever, but the pyuria was unaffected. A. aerogenes and Ps. aeruginosa persisted in the cultures 
of the urine, but enterococci, previously present, were no longer recovered. The blood urea 
nitrogen rose from 13 to 95 mg. per 100 ml. During the last two days of this treatment the 
patient had severe chills with rises in temperature to 104.5 F., and blood cultures taken at these 
times showed A. aerogenes. The penicillin and gantrisin® treatment was then stopped, and 
terramycin was given in doses of 0.5 gm. every 12 hours for six days. The bacteremia cleared 
promptly, and there was also gradual clearing of A. aerogenes and Ps. aeruginosa from the 
urine, but P. vulgaris soon appeared and persisted. The blood urea nitrogen continued to rise 
and reached a level of 306 mg. while the terramycin was being given. Hemolytic Staph. pyogenes 
var. aureus also appeared in increasing numbers in the sputum. There were signs of progressive 
pneumonia and/or pulmonary congestion, and the patient died, presumably of uremia and 
staphylococcal pneumonia, five days after the terramycin therapy was stopped. There was no 
autopsy. 

Case 104.—A 69-year-old woman had a mild respiratory infection, with cough and purulent 
sputum, that began three weeks prior to entry and subsided in a few days. For five days before 
admission she was severely ill with chills, sweats, fever, nausea, and intense pain and tenderness 
in the left loin. The urine was loaded with pus cells and bacilli. Penicillin given in large doses 
intramuscularly during the first eight days in the hospital resulted in only a temporary reduction 
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in fever and in the blood leucocyte count. The pyuria and bacilluria were unaffected, and cultures 
of the urine yielded A. aerogenes, P. vulgaris, and Ps. aeruginosa. Oral terramycin administration 
was then started in doses of 0.5 gm. every six hours, but this had to be stopped after three days 
because of intense and persistent vomiting and diarrhea; only 6 gm. of the antibiotic had been 
given. During this time, the organisms originally obtained from the urine were cleared and could 
not subsequently be isolated, the culture of urine yielding only Candida. However, hemolytic 
Staph. pyogenes var. aureus was obtained in pure culture repeatedly from throat swabs and 
sputum and also from the watery stools. The patient again had chills and irregular rises in 
temperature; the intense diarrhea persisted, with many red and white blood cells and enormous 
numbers of cocci readily seen in stained smears of the watery stools. The blood leucocyte count 
rose from 14,800 to 44,600 per cubic millimeter and the blood urea nitrogen from 55 to 98 per 
100 ml. The patient’s condition grew steadily worse in spite of attempts to maintain hydration, 
and she died, presumably of staphylococcal dysentery and pneumonia, four days after the 
terramycin treatment was stopped. There was no autopsy. 

Case 109.—A 60-year-old man was admitted to a surgical ward because of a second-degree 
burn of the neck. He was given daily prophylactic injections of procaine penicillin, which were 
continued throughout the hospital stay. Also, because of an enlarged prostate and episodes of 
urinary retention, catheter drainage was instituted. During the fifth week in the hospital he had 
a chill, with fever and marked pyuria, and cultures of blood and urine at this time yielded A. 
aerogenes. He was given sulfadiazine orally for 16 days, during which there was a temporary 
reduction in fever and the blood cultures became sterile, but the pyuria and A. aerogenes 
bacilluria persisted. Five days after the sulfadiazine therapy was stopped, the temperature again 
reached 103 F., and the leucocyte count rose from 10,000 to 19,200. The patient was then given 
terramycin orally, 0.5 gm. every six hours. The temperature dropped rapidly to normal, and the 
pyuria diminished slightly, but A. aerogenes persisted in the urine. On the third day of terramycin 
therapy the patient had an intense watery diarrhea, which necessitated discontinuation of therapy 
after only 9 gm. had been given in four and one-half days. The diarrhea, however, persisted 
unabated for two more weeks, and cultures of the stools during this time were overgrown by 
P. vulgaris. Subsequent cultures of the urine yielded, in addition to A. aerogenes, a variety of 
organisms, including P. vulgaris, E. coli, enterococci, and Candida. During a subsequent recur- 
rence of fever, another attempt was made to influence the urinary infection with streptomycin 
therapy, which was given intramuscularly for a week without affecting the fever, pyuria, or 
bacteriuria. Blood urea nitrogen values remained within normal limits throughout. The patient 
finally exhibited signs of pneumonia and died five weeks after the terramycin therapy was 


stopped. 


The more important features of the fatal cases may be summarized briefly. In 
the first place the patients were old, and many of them had severe underlying dis- 
ease. Only one of them was under 60, and seven were more than 70 years old, their 
average age being 67.6 years. Some of them had anatomic defects or obstructive 
lesions of the urinary tract, and others required indwelling catheters which interfered 
with proper sterilization of the urine. Some of them also had evidence of renal 
failure with azotemia before the antibiotic therapy was started, while in others mild 
renal funetional damage may have been aggravated or precipitated by the urinary 
tract infection. In any case, such renal damage may have interfered with the 
excretion and the local action of the antibiotic. 

Notwithstanding these features of the cases, there was sufficient evidence to 
indicate that the antibacterial effects of terramycin in these patients left much to be 
desired. In only one instance was sterilization of the urine achieved even tem- 
porarily. Although in most of the cases one or more of the organisms present in the 
urine before terramycin therapy was started were eliminated during the course of 
the treatment, other organisms persisted or additional invaders appeared and main- 
tained the urinary infection. The effect of the terramycin on the pyuria was also 
slight in almost every case. Bacteremia was usually cleared, but in some cases it 
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appeared for the first time during or soon after the course of terramycin therapy. 
There was symptomatic improvement, usually temporary, in some of the cases. 

Another serious aspect of the terramycin therapy in these fatal cases was the 
vomiting and diarrhea which accompanied the administration of the drug in most 
of the patients. Only three of them failed to manifest either or both of these 
reactions, and in one additional patient there was only transient vomiting. In 
several of the patients, however, the vomiting or diarrhea, or both, was severe 
enough to interfere with the further or adequate administration of the agent. What 
is more, in some of these debilitated patients these severe symptoms may have been 
major contributing factors to the fatal outcome. 

As a result of the gastrointestinal symptoms, the doses used, though larger than 
those employed by many others in such cases, may have been quite inadequate, con- 
sidering the nature of the infections. The average dose per patient was only about 
12 gm. and was given over an average of six and two-thirds days. Excluding Case 
29, the only one in which a prolonged course was feasible, the average dose in the 
remaining 13 cases was about 10 gm. in five and one-half days. 

The most striking and perhaps most serious aspect of these cases was the 
frequency with which pathogenic staphylococci appeared and multiplied and then 
caused serious aggravation of previous infections or gave rise to new and severe 
infections, particularly in the lungs. Case 29 is especially noteworthy in this regard. 
In this case the Staphylococcus first appeared during terramycin therapy and gave 
rise to bacterial endocarditis with septic embolic phenomena while the drug’s 
administration was being continued. All this apparently occurred after the patient 
had been relieved of his primary urinary obstruction and after his local condition 
seemed to be progressing favorably. The occurrence of what may properly be 
called staphylococcal dysentery in Case 104 is also worthy of note. 


COMMENT 


Several features of the present cases require emphasis, since they are important 
for the appreciation of the nature of the results. The great majority of these cases 
were of old people and of patients with local or systemic factors which not only 
predisposed them to the urinary tract infections but also militated against obtaining 
the optimum beneficial effects from the antibacterial agents. This was, of course, 
strikingly illustrated in the fatal cases. Any comparisons of the results presented 
here with those reported by others® must, therefore, take these factors into con- 
sideration. Nor is it justifiable to compare these results with those reported for 
other agents unless comparable cases are considered. The incidence and severity of 
the gastrointestinal reactions to the terramycin therapy in this series of cases may 
also have been affected by the types of cases that were included in this study. 


5. King, E. Q., and others: Clinical Observations on the Use of Terramycin Hydrochloride, 
J. A. M. A. 143:1-4 (May 6) 1950. Caldwell, E. R., Jr.; Spies, H. W.; Wolfe, C. K.; Lepper, 
M. H., and Dowling, H. F.: The Treatment of Various Infections with Terramycin, J. Lab. & 
Clin. Med. 36:747-753 (Nov.) 1950. McKenzie, J. A., and Nugent, J. J.: Clinical Use of 
Terramycin in Infections of the Urinary Tract, J. Florida M. A. 37:218-223 (Oct.) 1950. 
Douglas, R. G.; Ball, T. L., and Davis, I. F.: Terramycin in Urinary Tract Infections, 
California Med. 73:463-465 (Dec.) 1950. Nesbit, R. M.; Adcock, J.; Baum, W. C., and Owen, 
C. R.: Clinical Experience with Terramycin in the Treatment of Refractory Urinary Tract 
Infections, J. Urol. 65:336-342 (Feb.) 1951. 
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From the point of view of the strictly antibacterial effects of the terramycin 
therapy, the results were quite variable. Considering the fact that this antibiotic is 
looked upon as having a broad antibacterial spectrum which encompasses the 
organisms responsible for urinary tract infections, these results were, on the whole, 
somewhat disappointing. However, we by no means intend to imply that terramycin 
is necessarily inferior to the other antibiotics which have similar spectrums of anti- 
bacterial action. In general, the more sensitive strains were most frequently and 
most rapidly cleared from the urine in the present cases.° Nevertheless, a significant 
proportion of even the relatively sensitive strains persisted throughout the terra- 
mycin therapy. Thus, E. coli organisms were not eliminated in about one-sixth of 
the cases, and A. aerogenes persisted despite therapy in more than one-fourth of the 
cases. Of interest also is the fact that strains of P. vulgaris, some of them quite 
resistant in vitro, were cleared during terramycin therapy in many of the cases in 
which they were present before this treatment was started or in which they were 
first encountered shortly thereafter. Many strains of P. vulgaris, however, appeared 
later or persisted in spite of the therapy. 

Of the greatest interest and importance, however, was the frequency with which 
pathogenic strains of Staph. pyogenes var. aureus appeared in these cases during 
or immediately after the terramycin therapy and the serious nature of the infections 
that they apparently produced. This has also been noted during the use of the same 
or other similar antibiotic agents in the treatment of other infections.’ These recent 
experiences suggest that infections with antibiotic-resistant staphylococci constitute 
a major problem in the use of antibiotics—at least in this hospital. The frequent 
occurrence of secondary staphylococcal infections among the fatal cases in the 
present study serves only to emphasize this point. Such cases point up the urgent 
need for new approaches to the prophylaxis and management of these antibiotic- 
resistant staphylococcal infections. 

Finally, it has been stressed by urologists and other clinicians interested in 
urinary tract infections that the treatment of such infections must not be limited to 
an attack on the bacterial component. The diagnosis and skillful management of the 
local defects which predispose to these infections and sustain them are also of 
paramount importance, if any permanent beneficial effects are to be achieved. 


SUMMARY AND CONCLUSIONS 


The results of clinical and bacteriologic studies are reported in 112 acute and 
chronic cases of urinary tract infections that were treated with terramycin. There 
was a preponderance of patients over 60 years old, and a majority of them had 
important local or systemic predisposing factors. 

Escherichia coli and Aerobacter aerogenes were the most frequent organisms 
present before treatment; these strains were eliminated during terramycin therapy 


6. References to levels of terramycin in blood and urine are omitted since their relation to 
the in vitro sensitivities, as determined here, are difficult to interpret (Jackson and Finland, cited 
in Footnote 4). f 

7. Hazen, L. N.; Jackson, G. G.; Chang, S-M.; Place, E. H., and Finland, M.: Antibiotic 
Treatment of Pertussis: Comparison of Penicillin, Aureomycin, Chloramphenicol, and Terramy- 
cin in 150 Cases, J. Pediat. 39:1-15 (July) 1951. Finland, M.: The Present Status of Antibiotics 
in Bacterial Infections, Bull. New York Acad. Med. 27:199-220 (April) 1951. 
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in most cases. Strains of Proteus vulgaris and of staphylococci were less frequent 
in the pretreatment specimens of urine, but these organisms persisted in a greater 
proportion of cases and appeared more frequently for the first time during or shortly 
after the course of terramycin therapy. 

The urine was rendered bacteria-free with terramycin therapy in about 37% of 
all the cases and in 20% of those in which more than one strain was originally 
present. In the remaining cases the original organism persisted and/or additional 
strains appeared in the urine and maintained the infection. Bacteremia was rapidly 
cleared in most instances but developed in occasional patients during terramycin 
therapy. 

There was a fairly good correlation between the sensitivity of the strains to 
terramycin in vitro and the bacteriologic effects of treatment with this antibiotic. 
Most of the sensitive strains were readily eliminated, while one-half of the resistant 
strains originally isolated before treatment persisted and most of the other resistant 
strains first appeared during or soon after the terramycin therapy. 

Pyuria diminished appreciably or cleared in about one-half of the cases, such 
improvement being somewhat more frequent in acute cases and in those in which the 
pyuria originally was most marked. The effects on fever and on the local symptoms 
varied considerably, but these were favorably affected in more than one-half of the 
cases. In some of the cases the improvement was only temporary. 

On the basis of both clinical and laboratory findings, about one-half of the 
patients were considered as definitely benefited by the terramycin therapy. 

There were 14 deaths in this series, and the relevant features of these fatal 
cases are presented. The deaths occurred primarily in old persons with important 
local and systemic predisposing factors, and in some cases they were probably 
unrelated to the urinary infection. Terramycin therapy, however, had only minor, 
transient, or no beneficial effect, either clinically or bacteriologically in these cases. 

The most important feature of the fatal cases was the frequent occurrence during 
terramycin therapy of pathogenic strains of hemolytic Staphylococcus pyogenes var. 
aureus and the severity of the infections for which they apparently were responsible. 
These included staphylococcal pneumonia in several cases, endocarditis with embolic 
phenomena in one, and staphylococcal dysentery in another. 

Toxic effects of terramycin were limited to gastrointestinal symptoms, but in 
some instances vomiting and/or diarrhea was severe enough to interfere with 
adequate or continued therapy. This was a major factor in most of the fatal cases. 








EXPLOSIVE OUTBREAK OF AN ATYPICAL PNEUMONIA (“K-8 FEVER”) 


LIEUTENANT PHILIP TROEN 
MEDICAL CORPS, UNITED STATES ARMY RESERVE 


EVERE sporadic “viral” pneumonias have been cited as often giving rise to 

diagnostic and therapeutic problems.’ During recent years previously uniden- 
tified diseases have been found to present themselves as pneumonia of an “atypical” 
nature. The advent of newer antibiotics to which some of these diseases readily 
respond has accentuated the importance of accurate diagnosis. 

Recently at an Army hospital in Kobe, Japan, there occurred an explosive out- 
break of “atypical” pneumonia—sharply localized to patients (almost all evacuees 
from Korea) and members of the staff of the installation. This outbreak afforded an 
opportunity to characterize the natural history of a form of “patchy” pneumonia, to 
note certain abnormal laboratory findings, and to evaluate therapy with an anti- 
biotic usually effective against several such pneumonias. 


I. MATERIAL 


This study is based on 45 patients whose conditions were related clinically, roentgenograph- 
ically, epidemiologically, and by laboratory findings. Of these, 7 were physicians, 5 were 
nurses, 6 were members of the detachment, 25 were patients hospitalized for other reasons, 
and 2 were Japanese employed at the hospital. (Two cases included in a preliminary report 
have here been excluded.) There were 38 men and 7 women, aged 17 to 41 years. Two-thirds 
were under 30 years of age. 

Il. CLINICAL PICTURE 

The clinical manifestations of this disease are indicated in Table 1. Fever, chest 
pain, chilly sensations, and malaise were the most frequent symptoms noted. Non- 
productive cough, severe headache, anorexia, and myalgia occurred in about two- 
thirds of the patients. Of interest, although less frequent, were the findings of 
stiffness of the neck and a distinctive skin eruption to be described below. The 
earliest symptoms noted by the patients were chiefly constitutional, consisting of 
malaise, fever, and headache (Table 2). In those cases in which a part of the symp- 
tom complex predominated, chest pain and headache were the severest symptoms 
(Table 3). Temperature elevations ranged to 104.4 F. orally (Table 4). 

Initial positive physical signs were remarkably few (Table 5). Stiffness of the 
neck, with no other neurological signs, was noted in about one-fourth (11) of the 
patients. The infrequent chest findings consisted chiefly of rales. The cutaneous 


Chief of the Medical Service, Eighth Station Hospital. 

A preliminary report of this paper was read at the Medical Conference of the Japan Chapter 
of the Association of Military Surgeons held at the Osaka Army Hospital, Osaka, Japan, 
March 25, 1951. 

1. Reimann, H. A.: Severe, Sporadic Virus Pneumonias: Diagnostic and Therapeutic 
Problems, J. A. M. A. 144:81-85 (Sept. 9) 1950. 


258 





TROEN—EXPLOSIVE QUTBREAK-ATYPICAL PNEUMONIA 259 


eruption was initially noted in two patients. Other positive physical signs appeared 
later. Seven additional patients displayed an eruption. This consisted of a discrete 


TABLE 1.—Frequency of Various Symptoms 








Number of Number of 
Symptom Patients Symptom 
Sore throat 
Stiffness of neck....... etcens ebevecee 
Skin eruption...... eeeccesitevecoedes 
Mild headache 
Productive cough........ eonces 


Chilly sensations..........++ 
Malaise........cccccccces 
Nonproductive cough...... see 
Severe headache.........cseeseeeeees 
Anorexia........ 


SRERBERRSE 


PROPOR ccc dcccvednsisvcas wae 





TABLE 2.—Frequency of Initial Symptoms 








Number of Number of 
Symptom Patients Symptom Patients 


12 2 


1 
Nonproductive cough........ 
Chilly sensations. 





Tas_e 3.—Frequency of Predominating Symptoms 








Number of Number of 
Symptom Patients Symptom Patients 


MYyGlgit..e s vicccnccccaceeqcedccoccces 
Backache... ° 


Nonproductive cough.............++ 
Malaise.....ccccosscocvcvceses 





TABLE 4.—Frequency of Maximum Temperatures 








Oral temperature .......c.csessececcsecs 9 F.orLess 100to101 F. 101to 103 F. 103 F. and Over 
No. of patients............ eececbacecense 1 5 16 15 





TasLe 5.—Frequency of Positive Physical Findings on Admission and Subsequently 








Number of 
Physical Signs Patients 
On admission 


Stiffness of the neck..... 
COE MAIER ss odcniivdddestecnencnccsscssccccesecsveccsas 
Friction rub .......+++. 
Diminished resonance .... 
Diminished breath sounds......... 
Injected pharynx ......escseeeeees codec’ 
Skin eruption ........... eeucataseenshes 
Subsequently 
Enlarged liver ...... bvbpkecsscedcdedeseccencddoscsbootds cébsesesicutencsavenss 
Enlarged spleen ... 
Skin eruption ........ 
Pleural effusion . 


maculopapular eruption, usually on the palms and fingers. In some instances it 
appeared telangiectatic and in others hemorrhagic. In several cases the lesions were 
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tender and long lasting; in at least one instance the papules finally became small 
necrotic areas with residual scars. Ten patients had palpable livers, with enlarge- 
ment, chiefly to 1 or 2 fingerbreadths below the costal margin, although in one the 
liver was enlarged 5 fingerbreadths below the costal margin. These changes were 
for the most part transient. In five patients—four of whom had palpable livers— 
the spleen became enlarged. The largest spleen extended 3 fingerbreadths below 
the left costal margin and two months later remained enlarged 2 fingerbreadths. 
Pleural effusion developed in one patient and will be discussed below. 


III. ROENTGENOGRAPHIC FINDINGS 


The pulmonary involvement was a striking aspect of the disease. This ranged 
from faint, small (1 cm.) patches to extensive hazy densities. The involvement was 
bilateral in 34 patients and unilateral in 10. One-third (14) of the patients showed 


Fig. 1 (Case 1).—Roentgenogram of chest of E. J., showing numerous hazy patches of 
increased density in both lungs. 


clearing of their chest roentgenograms within 10 days. One-fourth (10) still did 
not show complete clearing three to four weeks later.? In one patient included in 
this series no positive chest roentgenogram was obtained. Because of the close 
correlation of this patient’s condition clinically, epidemiologically, and by laboratory 
results with that of the others, it is felt that the only two chest roentgenograms 
which could be taken of him (on the first day of disease and four weeks later) were 
improperly timed to record the pulmonary involvement. 

Although many of the patients with temperatures over 103 F. had the most 
marked pulmonary involvement, there was no over-all positive correlation between 
extent of changes on chest roentgenogram and the height of the febrile reaction. 


2. The time of clearing for the remainder was not definitely determined, although clearing 
took place in most of these patients in less than a month. 
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There was no correlation between the extent of pulmonary involvement and the 
time required for clearing. Three cases are briefly presented to demonstrate repre- 
sentative chest films. 


Fig. 2 (Case 1)—Roentgenogram of chest of E. J. taken four days after Figure 1, showing 
marked clearing. 





Fig. 3 (Case 1).—Roentgenogram of chest of E. J. taken four days after Figure 2, showing 
complete clearing. 


Case 1.—E. J., a 33-year-old white man, was admitted for treatment of syphilis. Therapy was 
started with 600,000 units of penicillin procaine given intramuscularly daily. On the ninth day he 
had chilly sensations, fever (temperature elevation to 104 F.), anorexia, nonproductive cough, 
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myalgia, and chest pain. A chest roentgenogram (Fig. 1) showed numerous hazy patches of 
increased density in both lungs. Treatment with aureomycin was started. He remained febrile 
three days. A roentgenogram of the chest (Fig. 2) taken four days after the first showed 
marked clearing; in another four days (Fig. 3) clearing was complete. 


Fig. 4 (Case 2).—Roentgenogram of chest of E. K. B., showing patchy, hazy increased 
densities in both lung fields. 


Fig. 5 (Case 2).—Roentgenogram of chest of E. K. B., taken one week after Figure 4, 
showing marked clearing. 


Case 2.—E. K. B., 17-year-old white youth, had sudden onset of fever (temperature elevation 
to 100.8 F.), chilly sensations, anorexia, malaise, sore throat, nonproductive cough, myalgia, 
and chest pain. A roentgenogram of the chest (Fig. 4) showed patchy, hazy increased densities 
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in both lung fields. He rapidly became well with no therapy. A chest roentgenogram made 
one week later showed marked clearing (Fig. 5). 

Case 3.—F. G., 31-year-old white man, suddenly had severe headache, chilly sensations, 
fever (temperature elevation to 101.4 F.), anorexia, malaise, myalgia, chest pain, and stiffness 


Fig. 6 (Case 3).—Roentgenogram of chest of F. G., showing numerous hazy areas of 
increased density bilaterally. 


Fig. 7 (Case 3).—Roentgenogram of chest of F. G. made nine days after Figure 6, showing 
almost complete clearing. 


of the neck. A chest roentgenogram (Fig. 6) showed numerous 0.5- to 2-cm. hazy areas of 
increased density bilaterally. Treatment was started with penicillin, and by the fourth day 
the patient became afebrile and asymptomatic. A repeat film taken nine days after the first 
(Fig. 7) showed almost complete clearing. 
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IV. TREATMENT 


The explosive outbreak made possible an attempt to determine the efficacy of 
several antibiotics in treatment of this disease (Table 6). Fifteen patients received 
treatment with aureomycin (0.5 gm. every six hours by mouth). Seven patients 
were given penicillin parenterally in large doses; eight patients were given both 
aureomycin and penicillin. No antibiotic therapy was administered to 12 patients. 
Although the initial selection was a random one, later analysis has shown a uniform 
distribution of cases in each category, as indicated by height of febrile reaction and 
degree of pulmonary involvement. The usual criterion for evaluation of the response 
to therapy is the duration of the febrile period. When the average duration of fever 
in each of the treated and the untreated groups was calculated, it was found that 
there was no appreciable difference (Table 6). 

It is significant that in two patients this illness developed toward the close of a 
10-day course of administration of 600,000 units of penicillin procaine daily for 
treatment of syphilis. Another patient was receiving aureomycin for tonsillitis 
throughout what must have been the exposure and early incubation period of the 
illness. Thus, penicillin and aureomycin were useless in preventing the disease, 
and there is no evidence that the antibiotics were therapeutically of aid. 








TaBLe 6.—Duration of Fever with Treatment by Various Antibiotics 
Average 
No. of Duration of 
Therapy Patients Fever, Days 
12 3+ 
Aureomycin 15 44 
Penicillin 7 8+ 
Aureomycin + penicillin 4+ 
Chloramphenicol and other combinations see 





Vv. COURSE 


Relief from symptoms usually closely paralleled the temperature response. The 
chief exception was asthenia. Weakness was a prominent finding during the post- 
febrile and later convalescent period. It is interesting that this was noted chiefly 
by the physicians and nurses who had this disease. Most of the other patients were 
hospitalized for much longer periods because of a concurrent quarantine for another 
disease. These patients were not returned to duty as quickly and, therefore, would 
be less likely to notice this weakness. 

The appearance of diarrhea with tenesmus and mucus in the stools was noted 
by six patients during the second and third weeks of their illness. They were not 
receiving aureomycin or chloramphenicol (chloromycetin®) at the time. Stool cul- 
tures and examinations gave negative results. The diarrhea lasted several days, not 
responding to aureomycin or chloramphenicol treatment. 

Three patients manifested a prolonged febrile course with low-grade intermittent 
fever for one to two weeks. One of these patients had shown previous drug sensi- 
tivity to penicillin, and the cause of his temperature elevation may have been drug 
fever due to aureomycin. For the fever of the other two—one of whom was treated 
with penicillin and the other with aureomycin and penicillin—there was no such 
ready explanation, other than the disease itself. 
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The single instance of pleural effusion previously noted occurred in a nurse with 
minimal chest roentgenographic findings but with a protracted course because of 
marked weakness. She was discharged from the hospital after two weeks. Ten days 
later she had left-sided chest pain with physical signs of pleural effusion. A chest 
roentgenogram revealed pleural effusion and persistence of several small hazy 
patches present since early in her disease. Thoracentesis yielded 600 cc. of cloudy 
amber fluid. Examination revealed it to be an exudate in nature and sterile, with 
many lymphocytes. There was slow clearing of the remainder of the effusion, and 
after four weeks she was returned to duty. No evidence of tuberculous causation 
was found. 

The incidence of hepatic and splenic enlargement has already been noted. The 
occurrence of this was not related to height of fever, duration of fever, or degree 
of pulmonary involvement. Four of the five palpable spleens were associated with 
palpable livers. Splenic and hepatic changes occurred more frequently in the treated 
than in the untreated patients. 


VI. LABORATORY DATA 


The laboratory data collected revealed several interesting features. During the 
acute febrile phase, there was a preponderance of normal white blood cell counts 
and differential counts. Only five patients had white cell counts of more than 10,000, 
with the highest being 15,000. The lowest white blood cell count was 4,900. After 
subsidence of the acute febrile period, there was a tendency to lymphocytosis and 
eosinophilia ; one-third of the patients had more than 35% lymphocytes and one-fifth 


had more than 5% eosinophils. The erythrocyte sedimentation rate initially showed 
a marked elevation in most patients. It tended to remain high during the afebrile 
phase when persistent pulmonary involvement could be demonstrated by roentgeno- 
gram. It fell toward normal as the pulmonary process cleared. 

Bacteriologic studies, including blood cultures, cultures of material from the 
nose and throat, and examination of sputum when present, revealed no pathogen. 

Lumbar punctures were performed in 10 patients with nuchal rigidity. The 
results were not remarkable except for occasional increases in pressure. 

Although there was no correlation between eosinophilia and diarrhea, stools were 
examined for ova and parasites. These examinations had negative results. 

Additional studies were directed at liver function and protein metabolism. Dur- 
ing the third and fourth weeks of their illness, 18 patients of the 36 studied had 
abnormal cephalin-cholesterol flocculations (3 to 4 + reactions at 48 hours). Sulfo- 
bromophthalein (bromsulphalein®) sodium retention, thymol turbidity and floccu- 
lation, total serum proteins, and serum albumin and globulin were normal. The 
presence of abnormal cephalin flocculations could not be correlated with the appear- 
ance on chest roentgenograms, days febrile, or height of fever. The ratio of abnor- 
mal to normal cephalin flocculations was much higher in the untreated than in the 
treated group. There was no correlation with enlargement of liver and spleen. The 
duration of the abnormal flocculations was not determined. In one case, however, 
the cephalin flocculation became normal within eight weeks, although splenic 
enlargement persisted. It is well known that conditions other than those of pri- 
mary hepatic damage can yield abnormal values for cephalin flocculation, and, 
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indeed, a high incidence of positive flocculations has been noted in primary atypi- 
cal pneumonia.* 
Additional laboratory data will be discussed when etiology is considered. 


VII. EPIDEMIOLOGIC ASPECTS 
The discussion thus far has attempted to characterize this disease and to point 
out its symptomatology, physical findings, roentgenographic changes, course, 
response to therapy, and some laboratory findings. The problem of etiology remains. 
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Fig. 8—Second floor plan of Eighth Station Hospital, Kobe, Japan. Circled X indicates 
cage of two parakeets. One inch equals approximately 49 ft. 


It was our initial impression that this was not a bacterial disease. This was sup- 
ported by the negative blood, nose, and throat cultures and the epidemiologic fea- 
tures to be discussed. 

The explosive nature of the disease was readily apparent. Thirty-three patients 
had the onset of their symptoms in a five-day period. This prompted a search for 
a possible focus. Two parakeets were found in a cage in the physical therapy room 
on the second floor of the hospital. Indeed, it was learned that one of the birds was 


3. Adams, A. B., and others: Primary Atypical Pneumonia, Brit. M. J. 1:227-231 (Feb. 
16) 1946. 
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ill. Psittacosis had been considered clinically; when the birds were found, added 
strength was given to this diagnosis. The birds were killed for possible isolation 
of a psittacine virus. 

It later became apparent that the parakeets might not offer a completely satis- 
factory answer. Figure 8 is a schematic drawing of the second floor of the hospital. 
It was found that almost all the patients either were patients in Ward 2 (medical) 
or were assigned there professionally ; the few who did not jall into this category 
had visited there during what probably was the exposure period. This appeared to 
establish a connection with the birds in the physical therapy room, which were 
located as indicated on the floor plan. However, several facts were left unexplained. 
Only a few of those with the disease had had definite appointments at the physical 
therapy room, although many more walked by the room on the way to the labora- 
tory. On the other hand, several of the patients with early onset of symptoms 
definitely had had no contact with the physical therapy room. For example, five 
patients were confined to the isolation room (see Fig. 8) during the entire possible 
exposure period. To rely on air currents as an explanation seemed implausible 
because of the presence of a swinging door as indicated, the failure of the personnel 





TaBL_e 7.—A Differential Diagnosis of Primary Atypical Pneumonia 











Bacterial infections: Virus infections: 
Commoner ones, plus Influenza 
Tuberculosis Psittacosis 
Tularemia Lymphocytic choriomeningitis 
Brucellosis Fungous infections: 
Typhoid Coccidioidomycosis 
Rickettsial infections: Histoplasmosis 
Q fever 


at intervening headquarters to be affected, and the practice of placing a hood over 
the birds’ cage during other than normal duty hours. Finally, to incriminate these 
birds as the focus for an outbreak of psittacosis did not explain why neither the 
many surgical and orthopedic patients receiving physical therapy nor the personnel 
of the physical therapy department were affected in the outbreak. Thus, epidemio- 
logically, the birds in the physical therapy room were unacceptable as a focus. 

After the initial explosive outbreak, there were only a few new cases. The last 
three patients apparently acquired the disease as a result of contact with members 
of the earlier group of patients. This is deduced from the fact that they did not 
have their first contact with the hospital until two weeks after the first case occurred, 
and at that time they were exposed to persons with the disease. That the explosive 
outbreak did not continue suggested that the original focus, whatever it may have 
been, was no longer present. An additional epidemiological fact gleaned was that 
in a few patients the incubation period could have been no longer than six days. 


VIII. ETIOLOGICAL STUDIES 


The differential diagnosis which presented itself may be considered to be that of 
primary atypical pneumonia. Table 7 indicates such a differential diagnosis. Some 
of the diagnoses listed were rendered unlikely on the basis of the information pre- 
sented above. To test the validity of others required specific serologic tests and 
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attempts to isolate the causative agent itself, if possible. The following is taken 
from the report of the 406th Medical General Laboratory, United States Army: 


Isolation attempts were conducted, using blood clot and throat washings as inoculum. Three- 
week-old Saitama mice were inoculated by both the intraperitoneal and intracerebral routes; 
any mice showing any abnormal symptoms whatsoever were killed, tissue smears made for 
histopathological examination, and suspensions made for reinoculation of new mice. There 
was no viral or rickettsial agent isolated by this series of procedures. Embryonated chicken 
eggs were inoculated by both the allantoic and the yolk-sac routes. Eggs which showed signs 
of sluggishness or death after 72 hours’ incubation were harvested, smears made from yolk 
sacs for histopathological examination, and suspensions made for further egg passages. There 
was no viral or rickettsial agent isolated by this series. Histopathological examination of 
smears of mouse tissue and yolk sac failed to demonstrate unequivocably either initial or 
elementary bodies characteristic of those described for viruses of the psittacosis-lympho- 
granuloma group. 


In addition, examination of the parakeets from the physical therapy room did not 
reveal any evidence to support a diagnosis of psittacine infection. 

To perform serologic studies, multiple blood specimens were drawn. Three 
specimens were drawn from each patient, the first during the acute febrile phase, 
the second 15 days later, and the third 15 days after the second. The results of 
these studies were as follows: 

1. Cold agglutinations for primary atypical pneumonia were negative. 

2. Complement-fixation tests for the psittacosis-lymphogranuloma venereum 
group gave negative results. 

3. Complement-fixation tests for Q fever also gave negative results. 

4. Influenza hemagglutination-inhibition studies gave no serologic support for 
the diagnosis of influenza. There was no consistent pattern of significant titer 
changes, although several rises were noted, chiefly in relation to recent influenza 
immunizations.* 

5. Weil-Felix reactions were negative except in a few instances in which recent 
typhus immunizations had been given. 

The possibility of a fungous origin was considered. Four fungi were isolated 
from the sputum of a patient with chronic pulmonary fibrosis who was present in 
the hospital at the time of the outbreak. This man had no demonstrable pulmonary 
cavitation and is considered an unlikely source. A fungous causation for this pneu- 
monic outbreak appears remote. 

Thus, the etiological basis remains unestablished.® 


4. Only seven patients demonstrated a significant rise in titer (fourfold increase). Four 
of these patients had recently received influenza immunization injections. One patient had 
definitely not received an injection of influenza vaccine, but she showed a rapid rise and fall in 
titer against the Lee strain. For the other two patients the immunization history was 
questionable ; one patient showed a significant rise for the PR-8 strain and the other for both 
the FM-1 and the Lee strains. Although it is possible that one or two of these patients may 
have had influenza, they are included in the series because of the close similarity of their con- 
dition in all other respects to that of the main body of patients for whom there is no serologic 
support for such a diagnosis. 

5. At the time of writing, serum specimens have been sent to Dr. Joseph Smadel, at the 
National Institutes of Health, Washington, D. C., for further study. 
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IX. SUMMARY 


An explosive outbreak occurred of a disease with an incubation period of per- 
haps one to two weeks. The disease was characterized by hazy pneumonic patches, 
frequently slow to resolve, with marked constitutional symptoms in addition to chest 
pain and nonproductive cough. Stiffness of the neck was frequent, and a localized 
cutaneous eruption was noted. Positive physical findings were otherwise few on 
admission. 

The frequent high temperatures on admission usually lasted about four days 
regardless of type of therapy. The usefulness of antibiotic therapy is questionable. 

The course in several patients was prolonged by marked asthenia. Splenic and 
hepatic enlargement was noted. One patient had pleural effusion. 

Normal white blood cell counts were the rule, with a later tendency to lympho- 
cytosis and eosinophilia. The erythrocyte sedimentation rate was initially elevated, 
tending to remain so while pulmonary involvement persisted. 

A large percentage of abnormal cephalin-cholesterol flocculations was noted, with 
little other evidence of hepatic damage or protein abnormality. 

Attempts to establish a diagnosis have thus far been unsuccessful. Bacteriologic 
studies revealed no pathogen. Attempts to isolate a viral or rickettsial agent from 
blood clot and throat washings failed. Results of serologic studies, including cold 
agglutination, Q fever and psittacosis complement fixation, and influenza hemagglu- 
tination inhibition, were negative. 

In view of the still unknown nature of this disease, it is referred to for conven- 
ience as K-8 fever, after Kobe Eighth Station Hospital where it occurred. 

Col. Roosevelt Cafarelli, Medical Corps, Commanding Officer, and Lt. Col. David Fisher, 


Medical Corps, Chief of Professional Services, of the Eighth Station Hospital, aided in this 
study. The cooperation of the entire professional staff of the hospital made this study possible. 














VIREMIA IN ACUTE HEMOLYTIC ANEMIA AND IN 
AUTOHEMAGGLUTINATION 


Report of a Case and Review of the Literature, with Special Reference to the Virus of Newcastle Disease 
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NEW BRUNSWICK, N. J. 


HE LITERATURE dealing with acute hemolytic anemia increases consider- 

ably each year, but, notwithstanding the wealth of published case histories and 
speculations about the cause of the disease, it presents many unsolved problems. 
In the case to be reported the clinical picture was similar in many respects to that 
in cases already published, but this case is outstanding in the fact that a virus was 
isolated and identified as that of Newcastle disease. From studies based on this 
case much information was obtained indicating the part played by hemagglutinating 
viruses in hemolytic syndromes, and this paper presents a summary of the evidence 
obtained thus far, with special reference to the virus of Newcastle disease. 

Despite the world-wide incidence of Newcastle disease as an acute and highly 
fatal infection of various species of birds,’ few instances of infection by the virus 
have been detected in man and other species of mammal. Guinea pigs, rabbits, 
ferrets, and pigs are highly resistant to infection with potent laboratory strains of 
Newcastle disease virus, and hamsters, mice, and monkeys are the only common 
laboratory animals which have successfully been infected experimentally by brain- 
adapted passage virus.? The infection has also been transmitted to bats * and cats.‘ 
The possibility exists that most mammals are normally endowed with a high level 

From the Laboratories of St. Peter’s General Hospital and the Serological Museum, Bureau 
of Biological Research, Rutgers University. 
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of natural resistance against this virus but may, nevertheless, harbor it as an 
inapparent infection. This is suggested by studies of a recent spontaneous epizootic 
of Newcastle disease with high mortality encountered in hamsters suffering from 
experimentally induced nutritional deficiency.’ Attempts to transmit the same virus 
to healthy hamsters of the same herd were unsuccessful, and such animals were 
found to possess heat-stable neutralizing factors in significant serum titer. Identi- 
fication of the virus as that of Newcastle disease was established by protection tests 
in 10-day-old chick embryos; using potent antiserum ® from chickens immunized 
against an avian strain and by cross neutralization tests with a known strain of 
Newcastle disease virus.? In common with the latter, the virus obtained from the 
hamsters, multiplied by chick-embryo passage, regularly produced characteristic 
hemorrhages in the chick embryo and agglutination * and hemolysis ° of red blood 
cells of chicken, guinea pig, and man. Its hemagglutinating and hemolytic activities 
were also regularly inhibited by immune serum. 

By coincidence, at the time the work on the hamster virus was in progress the 
attention of one of us was independently drawn to the case of a patient suffering 
from a prolonged attack of “idiopathic” acute hemolytic anemia. Difficulties had 
been experienced in typing and cross matching her blood for transfusion because 
of an exceptionally pronounced degree of autoagglutination in vitro at room and 
incubator temperatures, as well as in the cold. Her blood group was eventually 
established as 0, after washing the red cells 12 times in saline solution, but her 
serum was found to agglutinate almost 50% of normal Group 0 cells, both Rh- 
positive and Rh-negative. The presence of hemagglutinating antibodies had appar- 
ently been excluded by the negative results of two separate tests with the Coombs 
reagent (anti-human-globulin rabbit serum). The possibility was considered that 
both the hemolytic syndrome and the autoagglutination in vitro represented the 
activity of living virus of a hemagglutinating nature similar to the virus just isolated 
from hamsters. Special studies along this line were begun after the acute phase of 
the patient’s illness had subsided and proved rewarding in several respects, including 
the isolation of virus of Newcastle disease from samples of her blood on two occa- 
sions and the subsequent demonstration in her serum of a rising titer of heat-stable 
neutralizing antibodies and hemagglutination-inhibiting antibodies. 

During these studies an interesting phenomenon was observed? in human red 
blood cells which had been modified by virus or other hemagglutinating or hemo- 
lyzing agents, including such simple substances as hypotonic saline solution. Anti- 
human-albumin serum prepared from rabbits was found to agglutinate such altered 


5. Clark, E., and Stauber, L. A.: To be published. 

6. The chicken antiserum was obtained from Dr. F. S. Markham, Lederle Laboratories 
Division, American Cyanamid Company, Pearl River, N. Y. 
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Rutgers University, New Brunswick, N. J. 

8. Burnet, F. M.: The Affinity of Newcastle Disease Virus to the Influenza Virus Group, 
Australian J. Exper. Biol. & M. Sc. 20:81, 1942. Clark, E., and Nagler, F. P. O.: Haem- 
Agglutination by Viruses: The Range of Susceptible Cells with Special Reference to Agglutina- 
tion by Vaccinia Virus, ibid. 21:103, 1943. 

9. Kilham, L.: A Newcastle Disease Virus (NDV) Hemolysin, Proc. Soc. Exper. Biol. 
& Med. 71:63, 1949. Florman, A. L., cited by Kilham. Burnet, F. M.: Hemolysis by New- 
castle Disease Virus, Nature, London 164:1008, 1949. 
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red blood cells even in high dilution compared with anti-human-globulin serum 
(Coombs reagent ). This finding raised the question whether a certain degree of 
injury of red cells might render them capable of absorbing serum albumin upon 
their surface in significant amounts. The latter, in turn, might then result in a 
falsely positive Coombs reaction with Coombs reagent containing antibodies against 
both human albumin and human globulin when it is prepared by immunizing rabbits 
with whole human serum. 

In common with many of the persons having acute hermolysic anemia described 
in the literature, this patient became abruptly ill with fever, rapidly progressive 
anemia, and prostration and exhibited the typical findings described by most writers. 


REPORT OF CASE 

S. B., a woman 37 years old, had previously been well except for symptoms of mild 
hypometabolism expressed in terms of “low vitality,” e. g., intolerance for cold, excessive 
fatigability, and scanty perspiration, together with mild sore throat of three years’ duration 
which recurred despite treatment. Treatment had included a short initial trial of sulfadiazine 
tablets in a total dose of 6.0 gm., followed by repeated use of a proprietary lozenge containing 
tyrothricin. No unusual exposure to birds had occurred, although seven years previously one 
of her children had raised a pet rooster from a chick and had permitted the bird fairly close 
and frequent contact with members of the family. 

Symptoms of her present illness appeared rather abruptly on Oct. 4, 1950, during the course 
of a mild recurrence of sore throat, beginning with a temperature elevation which reached 
nearly 106 F., then subsided partially after three days’ treatment with penicillin and sulfadiazine. 
The patient believed sulfadiazine made her ill, so it was replaced by aureomycin in doses of 
500 mg. every four hours, later reduced because of vomiting and diarrhea. On the sixth day 
her temperature rose again and she appeared pale. All medications were discontinued to 
eliminate the possibility of drug idiosyncrasy as a cause of fever. On the following day she was 
found in deep stupor and exhibited striking pallor. An erythematous rash of butterfly distribu- 
tion was seen on both cheeks and on the bridge of her nose. Signs of generalized cerebral 
cortical irritation were noted in hyperactive deep reflexes, twitching, and positive Babinski 
phenomenon. She was admitted to the hospital by her physician, Dr. B. F. Glasser, on Oct. 
10, with a temperature of 103.6 F., a pulse rate of 112, and a respiratory rate of 36. The 
commoner causes of coma were ruled out by negative results on blood and spinal fluid 
examination. The hemoglobin concentration was 4.0 gm. per 100 cc. (25%); red blood cells 
numbered 1,210,000, leucocytes, 23,600, and normoblasts, 16 per 100 white blood cells. The 
spleen and liver were palpably enlarged. Blood smears showed both microcytosis and macro- 
cytosis and many reticulocytes. Many immature leucocytes were noted. The thrombocytes 
appeared normal in number. Sternal marrow smears examined by Dr. J. F. Sandella showed 
intense hyperplasia of all elements, especially those of the erythrocyte series. The diagnosis of 
acute hemolytic anemia of Lederer type was suggested. Treatment consisted of immediate 
transfusions, which totaled 4,000 cc. in the first week, and administration of oxygen, adrenal 
cortex extract, dextrose infusions, and antibiotics (penicillin, 500,000 units every two hours; 
aureomycin, 100 mg. intravenously every six hours). The patient’s condition began to improve, 
and her mental picture cleared to a great extent. Slight icterus was observed on the third day 
after admission; serum bilirubin was 1.0 mg. per 100 cc., and an indirect van den Bergh 
reaction was present. The rash on her face, however, seemed more intense, resembling that 
of acute lupus erythematosus, and a similar type of eruption was also noted on her back. 
Watery diarrhea and abdominal distention were now pronounced and resisted all medication. 


11. Coombs, R. R. A.; Mourant, A. E., and Race, R. R.: Detection of Weak and “Incom- 
plete” Rh Agglutinins: A New Test, Lancet 2:15, 1945. Coombs, R. R. A., and Mourant, A. E.: 
On Certain Properties of Antisera Prepared Against Human Serum and Its Various Protein 
Fractions: Their Use in the Detection of Sensitization of Human Red Cells with “Incomplete” 
Rh Antibody, and on the Nature of This Antibody, J. Path. & Bact. 59:105, 1947. 





MOOLTEN-CLARK—VIREMIA IN HEMOLYTIC ANEMIA 273 


On the fourth day after admission her hemoglobin concentration was 8.5 gm. per 100 cc. 
(54%); red blood cells numbered 3,090,000 and leucocytes 9,300. 

During the first week in the hospital, her temperature ranged between 101 and 104.6 F. but 
her pulse rate remained surprisingly stable, ranging between 90 and 100. Her respirations 
were rapid and shallow, ranging between 36 and 60, but improved in character when abdominal 
distention was lessened by passage of flatus. Despite her pallor, a pronounced tendency to 
blotchy cyanosis of the trunk and extremities was clearly evident throughout most of her course. 

Despite the negative results of the Coombs test on two occasions, the theoretical possibility 
that hemolytic autoantibodies were responsible for her illness prompted the use of cortisorte 
(cortone®), which has been shown to reduce antibody formation.12 The physical and mental 
response after administration of 500 mg. in two days seemed dramatic, but, after 60 hours of 
apparent progressive improvement and diminution of the erythematous rash, her temperature 
rose sharply again, and her condition became serious, growing more critical despite increased 
dosage of cortisone. She now had extensive cyanotic mottling of the trunk and extremities, 
marked dyspnea on slightest exertion, considerable edema, and a feeling of constant chilliness. 
The temperature in the oxygen tent, which had been kept between 65 and 68 F., was raised to 
2 F., and more blankets were added. At this time the blood chemical findings were 114 mg. 
of nonprotein nitrogen and 163 mg. of sugar per 100 cc.; the carbon-dioxide-combining power 
was 39 vol. %. Her pulse rate began to rise to a range of 100 to 110. On discontinuation of 
cortisone therapy her condition appeared to improve, although her course remained strikingly 
erratic and her pulse rate rose to above 120. Meanwhile, her hemoglobin concentration fell to 
38%; red blood cells fell to 2,260,000, and leucocytes rose to 16,300. Thrombocytes were 
415,000. Four days after cortisone treatment had been stopped, corticotropin (ACTH) admin- 
istration was begun in doses of 25 mg. every four hours. Again dramatic improvement occurred, 
and her temperature fell from 103 to 98 to 100 F. for about four days, with coincident rise of 
the hemoglobin concentration to 64% (10 gm. per 100 cc.) and of the red cells to 3,400,000, 
without change in the rate of blood replacement by transfusion, which now averaged 2,000 cc. 
each week. While still receiving corticotropin, the patient experienced an acute febrile relapse, 
the pulse rate climbed to 130 to 140 and respirations to 48 to 60. Her hemoglobin concentration 
fell to 7.0 gm. per 100 cc. (44%) and the red cell count to 2,730,000. She became increasingly 
cyanotic despite oxygen therapy and exhibited signs of cardiac failure, including marked 
generalized edema and gallop rhythm. Abdominal distention and watery diarrhea, which had 
been present since admission, became severer. Corticotropin therapy was discontinued after a 
total dosage of 465 mg. in seven days and was replaced by daily blood transfusion and parenteral 
infusions of dextrose. 

During the succeeding three and a half weeks her course was one of slow improvement, 
with periodic wave-like relapses in her symptoms of anemia, tachypnea, cyanotic mottling, 
and fever. Thereafter, improvement became more rapid, apparently coincidentally with oral 
administration of terramycin in small doses (50 mg. three times daily). Only two additional 
transfusions were given during the next five days. On Nov. 30 her hemoglobin concentration 
was 10 gm. per 100 cc. (64%), and red cells numbered 3,100,000. During the following month 
the hemoglobin concentration was maintained at a level of 10 to 11 gm. per 100 cc. and the 
red cell count at 3,300,000 to 3,600,000 per cubic millimeter without subsequent transfusion. 
Bowel movements became normal in color and consistency and appetite returned, with pro- 
gressive gain in weight and strength. Mild tachycardia, hyperhidrosis, and elevated basal 
metabolic rate (+ 44%) during convalescence were unaffected by treatment with strong iodine 
solution U. S. P. and subsided eventually without special treatment. During the period of her 
entire illness the patient received 33 transfusions, totaling about 16,500 cc. of blood. Clinical 
recovery has been maintained during the entire subsequent period of observation to the time 
of present writing (August, 1951). 

In summary, this patient had an acute febrile illness characterized by severe hemolytic 
anemia occurring in successive waves and accompanied with peculiar vascular phenomena, such 
as mottled cyanosis of the trunk and extremities, rapid shallow breathing, and periodic mental 


12. Germuth, F. G., Jr., and Ottinger, B.: Effect of 17-Hydroxy-11-Dehydrocorticosterone 
(Compound E) and of ACTH on Arthus Reaction and Antibody Formation in the Rabbit, 
Proc. Soc. Exper. Biol. & Med. 74:815, 1950. 
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clouding, following initial collapse and coma. Intractable watery diarrhea, abdominal distention, 
hepatosplenomegaly, and an erythematous rash on the face and back resembling the eruption of 
acute disseminated lupus erythematosus were present during most of her illness. Cortisone and 
corticotropin treatment each produced dramatic temporary improvement, followed by serious 
hemolytic relapse and manifestations of congestive heart failure, including marked generalized 
edema, intense dyspnea, gallop rhythm, and tachycardia. The hemolytic process eventually 
came to rest after the patient had received 33 pt. of blood and much additional supportive 
treatment. Of the several antibiotics used, none proved helpful during the earlier phases of her 
disease. Relatively small doses of terramycin given for the first time at the end of the second 
month of her illness seemed to be associated with the onset of uninterrupted steady improvement 
which has been maintained. 


HUMAN INFECTION WITH NEWCASTLE DISEASE VIRUS 

The possibility of viral causation of acute hemolytic anemia in this patient was 
first considered when one of us (S. E. M.) learned of work then in progress on an 
outbreak of Newcastle disease among laboratory hamsters. As mentioned above, 
the virus grown from these animals had readily been identified from the first 
isolation by the characteristic hemorrhages found in inoculated chick embryos and 
by its hemagglutinating and hemolyzing action on red blood cells in vitro. 

The patient’s symptoms of acute hemolytic anemia and the presence of pro- 
nounced autohemagglutination despite the negative results of the Coombs anti- 
globulin test led to the suspicion that these might be manifestations in vivo of the 
same type of activity exhibited by a virus of this type in vitro. This suspicion was 
confirmed by the recovery of Newcastle disease virus from samples of the patient’s 
blood inoculated into developing chick embryos. A report on the technical details 
of the isolation of virus from her blood and of the serologic tests relating to the 
identification of the virus has been given in a separate paper **; therefore only a 
brief summary will be given here. 

At the end of January, 1951, although fully recovered clinically, the patient was 
still exhibiting intense autohemagglutination with slight hemolysis. A sample of 
blood was obtained and inoculated into the amniotic cavity of 10-day-old chick 
embryos. Characteristic hemorrhages were produced in the embryos, and amniotic 
fluid, harvested 48 hours after inoculation, caused in vitro agglutination and hemo- 
lysis of chicken, guinea pig, and sheep red cells. The amniotic fluid was passed 
through another series of eggs, and amniotic fluid from the second passage was used 
in cross neutralization tests of the human virus, that isolated from the hamsters, 
and a standard avian strain of Newcastle disease virus. These tests proved the 
close similarity of the three strains of virus. Serum obtained from S. B. in January 
had no demonstrable antibody against any of the virus strains, but samples taken 
at the end of February showed significantly high antibody titers against all three 
strains when the inactivated serum was tested either by neutralization of infectivity 
or by inhibition of hemagglutination. The essential data correlating the results 
of tests of the patient’s blood for virus and for antiviral antibodies, warm and cold 
autoagglutinins, and heterophile agglutinins are given in Table 1. 

Although the ubiquity of Newcastle disease virus in nature seems proved by the 
high incidence and mortality of the disease (also known as avian pneumoenceph- 
alitis) which it produces in nonimmunized poultry, few examples have been recorded 


13. Clark, E., and Moolten, S. E.: Newcastle Disease Virus Isolated from the Blood of a 
Case of Acute Hemolytic Anemia, to be published. 
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of its capacity to cause disease in mammals, most of which are highly resistant to 
infection with potent laboratory strains except by intracerebral inoculation of brain- 
adapted virus.’ 

Instances of proved human infection with this virus are few, 10 being recorded 
in which virus has been isolated.‘* Additional cases or outbreaks are listed ** in 
which this infection is presumed to have existed after contact with infected birds 
or after a laboratory accident during manipulation of virus-containing materials. 
With the exception of one case of ‘7irus pneumonia in which a strain of Newcastle 
disease virus was isolated some time later from the resected atelectatic right middle 
lobe,'** the clinical manifestations attributed to the virus in human beings have 
been confined to an acute granular conjunctivitis, often with regional lymphadenitis 
and sometimes associated with fever and other mild systemic symptoms. The 
possibility has been suggested that in several of these cases the virus may have been 
an incidental finding in the presence of mixed or concurrent bacterial or viral 
infections." 








TasLe 1.—Immunologic and Virus Studies of Patient S. B. from Jan. Through Aug., 1951 
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* NDV-HI indicates Newcastle disease virus hemagglutination-inhibiting antibodies. 

t NDV-IN indicates Neweastle disease virus infectivity-neutralizing antibodies. 

t Heterophile titer equals reciprocal of highest dilution of serum showing agglutination. 

§ Abs. GPK means absorbed by guinea-pig-kidney antigen, 

| Abs. BBC means absorbed by boiled beef cells antigen. 

q Protection tests in chick embryos: numerator equals number of embryos that died of virus infection: 
denominator equals number of eggs inuculated with serum-virus mixture. 


14. (a) Burnet, F. M.: Human Infection with the Virus of Newcastle Disease of Fowls, 
M. J. Australia 2:313, 1943. (b) Anderson, S. G.: A Note on 2 Laboratory Infections with 
the Virus of Newcastle Disease of Fowls, ibid. 1:371, 1946. (c) Freymann, M. W., and Bang, 
F. B.: Human Conjunctivitis Due to Newcastle Virus in the U. S. A., Bull. Johns Hopkins 
Hosp. 84:409, 1949. (d) Ingalls, W. L., and Mahoney, A.: Isolation of the Virus of New- 
castle Disease from Human Beings, Am. J. Pub. Health 39:737, 1949. (e¢) Bawell, M. B.; 
LeGier, M.; Murrey, F.; Schofield, W., and Broun, G. O.: Occurrence of Antihemagglutinins 
Against Newcastle Virus in Human Respiratory Infections with a Possible Instance of Virus 
Isolation, Proceedings of the Central Society for Clinical Research, abstracted, J. Lab. & 
Clin. Med. 34:1581, 1949. (f) Keeney, A. H., and Hunter, M. C.: Human Infection with the 
Newcastle Virus of Fowls, Arch. Ophth. 44:573 (Oct.) 1950. (g) Gustafson, D. P., and 
Moses, H. E.: Isolation of Newcastle Disease Virus from the Eye of a Human Being, J. Am. 
Vet. M. A. 117:1, 1951. 

15. McGough, T. F.: Outbreak of Newcastle Virus Disease in Tuscarawas County, Ohio, 
Ohio M. J. 45:25, 1949. Yatom, Shimkin, Radnot, and Beaudette, cited by Keeney and 
Hunter.14f Kujumgiev, and Boney, cited by Brandly, C. A.: Poultry Diseases as Public Health 
Problems, Pub. Health Rep. 66:668, 1951. 
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Serologic responses were studied in 9 of the 10 cases in which the virus was 
isolated, and a significant rise in specific antibody titer was shown in only 5.**f In 
our own case significant immune titers, demonstrated by hemagglutination-inhibition 
and infectivity-neutralization techniques, were not present in the patient’s serum 
until nearly two months after her recovery from the acute phase of her illness. On 
the basis of these serologic studies, it seems probable, therefore, that this virus, like 
other infective agents of low virulence in man, is weakly antigenic in the human 
species in contrast to its high virulence and high antigenicity in fowls or other 
susceptible species. 

Paralleling this generally weak antibody response to the virus, serologic methods 
for detection of Newcastle disease virus in man by means of immune responses 
have been shown to be unreliable in the absence of virus isolation. For example, 
Kilham and associates '° and Jordan and Feller ‘* found pronounced overlapping of 
the immune responses to mumps virus and those of Newcastle disease virus and 
presented data which strongly implicated previous mumps infection as explanation 
for many of the immunologic phenomena which, taken in themselves, might suggest 
Newcastle disease virus infection. The presence of a nonspecific heat-labile factor 
in normal human serum which inhibits the hemagglutinating activity of Newcastle 
disease virus in vitro has also been shown to lead to error in serologic diagnosis of 
infection with this virus.** Heating the serum at 56 C. for 30 minutes inactivates 
the nonspecific factor without affecting the activity of any specific antibody. 
Inactivated serum was used in all the serologic tests on our patient. 


ROLE OF VIRUSES IN AUTOAGGLUTINATION AND ACUTE HEMOLYTIC ANEMIA 

Since the discovery in 1941 by Hirst *® and by McClelland and Hare *° that 
influenza virus grown in the developing chick embryo would agglutinate in vitro 
the red blood cells of various species, several significant papers have been published 
dealing with the nature of the reaction. It has been shown that the agglutination is 
of different nature from that of an antigen-antibody reaction and can be specifically 
inhibited by the addition of corresponding antiserum. According to present con- 
cepts, the reaction is enzymic in nature and depends upon the presence on the red 
cell of “receptors” or active patches having affinities for a particular virus or group 
of viruses which are adsorbed to the red cell in the process of agglutination.” 


16. Kilham, L.; Jungherr, E., and Luginbuhl, R. E.: Antihemagglutinating and Neutralizing 
Factors Against Newcastle Disease Virus (NDV) Occurring in Sera of Patients Convalescent 
from Mumps, J. Immunol. 63:37, 1949. 

17. Jordan, W. S., Jr., and Feller, A. E.: The Relationship of Complement-Fixing and 
Antihemagglutinating Factors Against the Viruses of Mumps and Newcastle Disease, J. Lab. 
& Clin. Med. 36:369, 1950. 

18. Howitt, B. F.: A Nonspecific Heat-Labile Factor in the Serum Neutralization Test for 
Newcastle Disease Virus, J. Immunol. 64:73, 1950. Ginsberg, H. S., and Horsfall, F. L., Jr.: 
A Labile Component of Normal Serum Which Combines with Various Viruses: Neutralization 
of Infectivity and Inhibition of Hemagglutination by the Component, J. Exper. Med. 90:475, 1949. 

19. Hirst, G. K.: The Agglutination of Red Cells by Allantoic Fluid of Chick Embryos 
Infected with Influenza Virus, Science 94:22, 1941. 

20. McClelland, L., and Hare, R.: Adsorption of Influenza Virus by Red Cells and a New 
in Vitro Method of Measuring Antibodies for Influenza Virus, Canad. J. Pub. Health 
32:530, 1941. 

21. Hirst, G. K.: Hemagglutination as Applied to the Study of Virus Infection, in Viruses 
1950: Proceedings of a Conference on the Similarities and Dissimilarities Between Viruses 
Attacking Animals, Plants, and Bacteria, edited by M. Delbriick, Pasadena, Calif., California 
Institute of Technology, 1950, p. 44. 
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Among the viruses other workers have thus far studied which are adsorbed to 
red blood cells in vitro,?*? mumps virus and Newcastle disease virus are the only 
two which possess both hemagglutinative and hemolytic potencies. The hemolytic 
principle of mumps virus has been shown to be independent of its hemagglutinating 
capacity and to have many of the characteristics of a relatively labile enzyme.** 
Comparable studies in the case of Newcastle disease virus have yielded data ® which 
indicate a noteworthy parallelism in the behavior of its in vitro hemolysin and 
hemagglutinin in respect to the effect of heat, change in pH, action of immune sera, 
and elution and adsorption with red cells of different animal species. Neither is 
inactivated by formalin, which renders the virus noninfective. 

As far as can be determined, no instance is on record of serious clinical hemag- 
glutinative or hemolytic phenomena occurring as a complication of mumps infection 
in man or other species, and only two instances are on record of isolation of mumps 
virus from the blood of patients.** The virus of Newcastle disease has once been 
recovered from the blood of a patient suffering from viral conjunctivitis.‘ 

The case reported here appears to be the first in which Newcastle disease virus 
has been associated with an acute hemolytic syndrome in man. Clinically the course 
of the illness conformed in all essential respects with that of many of the cases of 
acute hemolytic anemia *° recorded since 1900, when the disease was first described 
as a rapidly fatal anemia allied to acute leukemia (Leube **) ; it was later identified 
as the nonhereditary type of hemolytic icterus (Widal, 1907 **). The onset in our 
case, as in most of the others, was abrupt, with features of a severe systemic infec- 
tion, accompanied with chills, fever, weakness, and prostration. In some of the 
reported cases the face and limbs were swollen with edema.”* In others a patchy 
erythematous or bleb-like eruption was seen.** In one case findings suggestive of 


22. (a) Footnote 8. (b) Hirst.21 (c) Shwartzman, G.: Recovery of the Virus of Lymphocytic 
Choriomeningitis from the Erythrocytes of Infected Animals, J. Immunol. 48:111, 1944. 
(d) Lahelle, O., and Horsfall, F. L., Jr.: Hemagglutination with the GDVII Strain of Mouse 
Encephalomyelitis Virus, Proc. Soc. Exper. Biol. & Med. 71:713, 1949. (e) Verlinde, J.-D., 
and deBaan, P.: Sur I’hémagglutination par des virus poliomyélitiques murins et la destruction 
enzymatique des récepteurs de virus poliomyélitique * la cellule receptive, Ann. Inst. Pasteur 
77:632, 1949. (f) Hilleman, M. R.; Haig, D. A., and Helmold, R. J.: The Indirect Complement 
Fixation, Hemagglutination and Conglutinating Complement Absorption Tests for Viruses of 
the Psittacosis-Lymphogranuloma Venereum Group, J. Immunol. 66:115, 1951. 

23. Morgan, H. R.; Enders, J. F., and Wagley, P. F.: A Hemolysin Associated with the 
Mumps Virus, J. Exper. Med. 88:503, 1948. Chu, L-W., and Morgan, H. R.: Studies of the 
Hemolysis of Red Blood Cells by Mumps Virus: I. The Development of Mumps Virus 
Hemolysin and Its Inactivation by Certain Physical and Chemical Agents, ibid. 91:393, 1950; 
II. The Relationships of Hemagglutination, Virus Elution, and Hemolysis, ibid. 91:403, 1950. 
Morgan, H. R.: Enzymatic Properties of the Hemolytic Principle of Mumps Virus, Bact. Proc., 
1950, p. 81. 

24. (a) Kilham, L.: Isolation of Mumps Virus from the Blood of a Patient, Proc. Soc. 
Exper. Biol. & Med. 69:99, 1948. (b) Wollstein, M.: A Further Study of Experimental 
Parotitis, J. Exper. Med. 28:377, 1918. 

25. Witts, L. J.: The Pathology and Treatment of Anemia: Lecture III: The Hemolytic 
Anzmias, Lancet 1:601 and 653, 1932. 

26. Leube, cited by Witts.25 

27. Widal, F.; Abrami, P., and Brulé, M.: Pluralité d’origine des ictéres hémolytiques, Bull. 
et mém. Soc. méd. hdp. Paris 24:1354, 1907; Autoagglutination des hématies dans I’ictére 
hémolytique acquis, Compt. rend. Soc. biol. 64:655, 1908. 

28. (a) Witts.25 (b) Engleson, G., and Grubb, R.: Abnormal Agglutinability of Red Cells 
in Pyogenic Infections: Report of 2 Cases, Am. J. Clin. Path. 19:782, 1949. (c) Mason, V. R.: 
Acquired Hemolytic Anemia, Arch. Int. Med. 72:471 (Oct.) 1943. 
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dermatomyositis ** were described. In our case an eruption appeared first on the 
cheeks and bridge of the nose, later involved the back, and closely resembled the 
eruption of acute disseminated lupus erythematosus. Pallor became marked and 
was accompanied with mild icterus and darkening of the urine (due to bile pigments 
and possibly hemoglobin). Examination of the blood revealed both macrocytosis 
and microspherocytosis, pronounced reticulocytosis, and a moderate number of 
nucleated erythrocytes. The leucocyte count was 23,600 per cubic millimeter. Such 
a count is not unusual for this syndrome in which the leucocyte count may reach 
40,000 or more, accompanied with immature forms and, as in our case, presenting 
a leukemoid picture.*® Neither purpuric phenomena nor a fall in thrombocyte count 
was observed in our case. As in many of the reported cases the patient’s spleen 
was enlarged. 

In addition to the above-mentioned clinical and hematologic features, certain 
superficial similarities also existed between the hemagglutinative phenomena 
observed in our case and those in many of the cases reported by others. According 
to Widal,”’ autoagglutination of the red blood cells is the pathognomonic criterion 
of differentiation from the congenital type of hemolytic anemia. Later observers 
have found it of doubtful reliability.°° In our case autoagglutination was present 
in high serum titer and, as in many of the reported cases, interfered seriously with 
the determination of the patient’s true blood type. The autoagglutinin may, in fact, 
have been the underlying basis for certain vascular phenomena noted in this case, 
such as the peculiar cyanotic mottling of the skin of the trunk and extremities. 
Because of autoagglutination, it has been difficult in several of the reported cases 
to obtain an accurate red blood cell count, and in a few the sedimentation rate of 
the red cells was unusually rapid at room temperature and below," especially when 
high titers of cold agglutinins were present. 

The present case exhibited autoagglutination even at body temperature (98.6 F. 
[37 C.]) in fairly considerable titer, so that for purposes of classification the 
agglutinin may be termed a warm agglutinin. Several other cases of acute hemolytic 
anemia have been reported to show a warm agglutinin in the serum.*? In many of 


29. Jones, E., and Tillman, C.: A Case of Hemolytic Anemia Relieved by Removal of an 
Ovarian Tumor, J..A. M. A. 128:1225 (Aug. 25) 1945. 
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the reported cases, especially those complicating primary atypical pneumonia, cold 
agglutinins have been found with a thermal amplitude varying more or less with 
titer and, in several cases with particularly high titer, also showing some activity 
at or near body temperature.** These have been chiefly “normal” cold agglutinins,*°* 
although in some cases cold hemolysins have also been detected which are ordinarily 
masked by the presence of cold agglutinins in higher titer. In most cases the cold 
hemolysins were active on rewarming without complement,** while in certain 
instances complement was required as in the Donath-Landsteiner reaction in long- 
standing syphilis.** 

While these similarities between our case and most other cases of acute hemolytic 
anemia may be striking, certain differences are even more arresting, particularly in 
the light of the observation that the autoagglutinins were apparently of nonantibody 
nature, as demonstrated by the negative results with the Coombs antiglobulin test. 
This was demonstrated on two occasions during the acute stages of the patient’s 
illness and on several subsequent occasions during convalescence while autoaggluti- 
nation was still present together with red cell injury in mild degree, as shown by 
the positive results of the antialbumin test (see below). These phenomena, in whole 
or in large part, were held to be collateral evidence of the presence upon the red 
cells of the living virus or, at least, its hemagglutinating component. The definitive 
proof, of course, was isolation of the virus on each of two separate inoculations of 
the patient’s blood into chick embryos.’* As far as our search of the literature 
reveals, in none of the reported cases of acute hemolytic anemia has evidence been 
offered for a viral etiology. In this connection, however, it may be pertinent to refer 


Anemia by the Use of a Bovine Albumin Medium, Blood 2:371, 1947. (i) Ellis, L. B.; 
Wollenman, O. J., and Stetson, R. P.: Autohemagglutinins and Hemolysins with Hemo- 
globinuria and Acute Hemolytic Anemia, in an Illness Resembling Infectious Mononucleosis, 
ibid. 3:419, 1948. (j) Kuhns, W. J., and Wagley, P. F.: Hemolytic Anemia Associated with 
Atypical Hemagglutinins, Ann. Int. Med. 30:408, 1949. (k) Brown, R. J. K., and Meynell, 
M. J.: Hemolytic Anemia Associated with Hodgkin’s Disease, Lancet 2:835, 1949. (J) 
Sawitsky, A.; Papps, J. P., and Wiener, L. M.: The Demonstration of Antibody in Acute 
Hemolytic Anemia Complicating Infectious Mononucleosis, Am. J. Med. 8:260, 1950. 

33. (a) Engleson and Grubb.28> (b) Wasastjerna.8%¢ (c) Footnote 32e and j. (d) Ham, 
T. H., and Castle, W. B.: Relation of Increased Hypotonic Fragility and of Erythrostasis to 
the Mechanism of Hemolysis in Certain Anemias, Tr. A. Am. Physicians 55:127, 1940. 
(e) Evans, R. S.: Acute Hemolytic Anemia with Autoagglutination: Case Report, Stanford 
M. Bull. 1:178, 1943. (f) Young, L. E., and Lawrence, J. S.: Atypical Hemolytic Anemia: 
Observations with Particular Reference to the Use of Transfusions in the Study of Hemolytic 
Mechanisms, Arch. Int. Med. 77:151 (Feb.) 1946. (g) Ginsberg, H. S.: Acute Hemolytic 
Anemia in Primary Atypical Pneumonia Associated with High Titer of Cold Agglutinins: 
Report of Case, New England J. Med. 234:826, 1946. (h) Colmers, R. A., and Snavely, J. G.: 
Acute Hemolytic Anemia in Primary Atypical Pneumonia Produced by Exposure and Chilling, 
ibid. 237:505, 1947. 

34. (a) Salén, E. B.: Thermostabiles, nicht komplexes (Auto-) Hamolysin bei transitorischer 
Kaltehamoglobinurie, Acta med. scandinav. 86:570, 1935. (6) Stats, D.: Cold Hemagglutination 
and Cold Hemolysis: The Hemolysis Produced by Shaking Cold Agglutinated Erythrocytes, 
J. Clin. Invest. 24:33, 1945. (c) Bateman, J. C.: Symptoms Attributable to Cold Hemag- 
glutination: Report of 2 Cases, Arch. Int. Med. 84:523 (Oct.) 1949. (d) Neely, F. L.; Baria, 
W. H.; Smith, C., and Stone, C. F., Jr.: Primary Atypical Pneumonia with High Titer of 
Cold Hemagglutinins, Hemolytic Anemia and False Positive Donath-Landsteiner Test, J. Lab. 
& Clin. Med. 37:382, 1951. 

35. (a) Ellis and others.821 (b) Dacie, J. V.: The Presence of Cold Hzmolysins in Sera 
Containing Cold Hemagglutinins, J. Path. & Bact. 62:241, 1950. 
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here to the occurrence of a hemolytic syndrome in the newborn (cytomegalic 
inclusion disease) resembling erythroblastosis but unassociated with maternal 
isoimmunization, caused apparently by dissemination of a virus ordinarily latent 
and similar to the salivary-gland virus of guinea pigs.*® 

The red cell “receptors” for Newcastle disease virus have been given much 
attention in the study of the virus,*’ and in the case reported here all available 
evidence suggested the likelihood that the virus was concentrated in particular 
abundance within the circulating blood, especially upon the red blood cells, account- 
ing for the observed clinical phenomena of hemolytic anemia and, probably, the 
intravascular hemagglutination (mottled cyanosis of the skin, rapid shallow 
breathing, mental clouding) and the intense autoagglutination of the patient’s red 
blood cells in vitro. The only findings suggestive of additional virus-cell combi- 
nations were the watery diarrhea, the abdominal distention, and the erythematous 
rash resembling that of acute lupus erythematosus. (It is of interest that the prin- 
cipal signs of illness in the infected hamsters were also gaseous intestinal distention 
and watery discharge.) The patient gave no history of acute conjunctivitis or other 
indications of presumed portal of entry of the virus antedating her acute illness. 
On the other hand, it appears probable that in fowl the receptors in the fixed tissues 
have greater affinity for the virus than do the red cell receptors, in view of the 
inconstant isolation of yirus from the blood in contrast to its regular isolation from 
the spleen, lung, nervous system, gastrointestinal tract, and bone marrow.** 

In the absence of adequate quantitative data on the absolute amounts of virus in 
circulation during and after our patient’s acute hemolytic episode, it would be 
foolhardy to attempt to define the respective etiological roles of virus content and 
red cell vulnerability to hemolysis. In general, relatively high concentrations of 
virus are required to bring about hemagglutination in vitro, compared with the 
amount required to produce or transmit infection.*® Much further study will be 
needed to determine whether the lack of certain specific protective factors in or 
about the red cells render them specifically vulnerable to virus attack and thereby 
permits, and perhaps even facilitates, the multiplication of the virus in a widespread 
manner throughout the organism. Dietary factors (e. g., vitamin E)*° and certain 
normally occurring plasmatic factors of unknown nature *' have been assigned an 


36. Cappell, D. F., and McFarlane, M. N.: Inclusion Bodies (Protozoon-like Cells) in the 
Organs of Infants, J. Path. & Bact. 59:385, 1947. Wyatt, J. P.; Saxton, J.; Lee, R. S., and 
Pinkerton, H.: Generalized Cytomegalic Inclusion Disease, J. Pediat. $6:271, 1950. 

37. Footnote 8. Hirst.21 

38. Brandly, C. A.; Moses, H. E.; Jungherr, E. L., and Jones, E. E.: The Isolation and 
Identification of Newcastle Disease Virus, Am. J. Vet. Res. 7:289, 1946. 

39. Lahelle and Horsfall.224 Bernkopf, H.: Study of Infectivity and Hemagglutination of 
Influenza Virus in Deembryonated Eggs, J. Immunol. 65:571, 1950. 

40. Gyérgy, P., and Rose, C. S.: Tocopherol and Hemolysis in Vivo and in Vitro, Ann. 
New York Acad. Sc. 52:231, 1949. Rose, C. S., and Gyérgy, P.: Hemolysis with Alloxan and 
Alloxan-like Compounds, and the Protective Action of Tocopherol, Blood 5:1062, 1950. 

41. (a) Witts.25 Josephs, H. W.: (b) Studies in Hamolytic Anaemia: I. Hemolysis 
Compensatory Regeneration and Erythroblastosis, Bull. Johns Hopkins Hosp. 62:25, 1938; 
(c) Il. The Presence of an Anti-Hemolytic Factor in Human Plasma, ibid. 62:53, 1938. 
(d) Josephs, H. W., and Winocur, P.: Studies in Hemolytic Anemia: III. Pig’s Plasma as a 
Source of Anti-Hemolytic Factor, ibid. 62:70, 1938. (e) Lederer, M.: A Form of Acute 
Hemolytic Anemia Probably of Infectious Origin, Am. J. M. Sc. 170:500, 1925. (f) Farrar, 
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important role in protection of red cells against various endogenous and exogenous 
hemolytic agents. In the last analysis the absolute amount of virus material attached 
to red cells must be regarded as the principal determinant of hemolysis, as, for that 
matter, is the infectious agent in other types of infectious hemolytic anemia (e. g., 
malaria). A parallel exists also with acute hemolytic anemia complicating human 
bartonellosis (Oroya fever), in which the parasites are found to multiply markedly 
within the blood stream, more than 90% of the red cells being parasitized in some 
cases. On the other hand, the infection may also exist as an asymptomatic condition 
in areas where the disease is endemic, about 10% of the population having been 
found to be healthy carriers with positive blood cultures.** 

Even though largely circumstantial, the evidences presented above indicate the 
importance in all instances of acute hemolytic anemia of a thorough search for 
hemotoxic infection, especially by viruses. In some cases the viremia possibly 
represents a primary infection, but the available evidences suggest that the respon- 
sible virus is normally harbored, like herpes simplex, as an inapparent infection 
and becomes activated only under certain conditions, which may include a variety 
of states of depleted resistance to infection. Among these are nutritional deficiency 
and specific diseases of the reticuloendothelial system, such as Hodgkin’s disease, in 
which it is reflected in the greatly reduced tuberculin reactivity ** and reduced 
serologic reactions for syphilis and brucellosis.*** Similar findings have been 
reported in leukemia, especially lymphoid leukemia.** The frequent association of 
these conditions with herpes zoster has been alluded to by several writers ** as an 
example of such activation of a hitherto latent infection. It is significant that a 
relatively high incidence of hemolytic anemia occurs in Hodgkin’s disease,** lymphoid 
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Am. J. M. Sc. 220:662, 1950. 
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104:702 (March 2) 1935. Wintrobe, M. M., and Hasenbush, L. L.: Chronic Leukemia: The 
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Infections: A Study of 86 Adults, Arch. Int. Med. 64:701 (Oct.) 1939. Moreschi, Rotky, Howell, 
and Bernstein, cited by Forkner, C. E.: Leukemia (Leucemia; Leucocythemia; Leukosis), in 
Nelson New Loose-Leaf Medicine, New York, Thos. Nelson & Sons, 1932, Vol. 4, Chap. 8, 
p. 85. 

45. Craver and Haagensen, and others, cited by van Rooyen, C. E., and Rhodes, A. J.: Virus 
Diseases of Man, New York, Thos. Nelson & Sons, 1948, Chap. 16, p. 155. 
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TaBLe 2—Correlation Between Autohemagglutination and Occurrence of Hemagglutinating Viruses in Blood 
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Lymphogranulomatosis (Hodgkin’s Disease) with Hemolytic Anemia, Acta med. scandinav. 
129:361, 1947. (i) Wright, C.-S.; Dodd, M. C.; Bouroncle, B. A.; Doan, C. A., and Zollinger, 
R. M.: Studies of Hemagglutinins in Hereditary Spherocytosis and in Acquired Hemolytic 
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Disease: Report of a Case of Hodgkin’s Disease (Lymphogranulomatosis), Acute Hemolytic 
Anemia and Giant Follicular Lymphadenopathy, Arch. Path. 45:171 (Feb.) 1948. 





MOOLTEN-CLARK—VIREMIA IN HEMOLYTIC ANEMIA 283 


leukemia,** and lymphosarcoma.** Hemolytic anemia has also been reported in 
sarcoidosis,*® a disease of the reticuloendothelial system par excellence, in which 
anergy to tuberculin is also as regular a finding as it is in Hodgkin’s disease. It is 
not unlikely that in many such cases a hemotoxic virus is the factor responsible for 
the anemia. Preliminary data which appears to confirm the correctness of this line 
of reasoning have already been obtained (Moolten and Clark) in a series of tests 
on persons exhibiting autogglutination in vitro. Persons with leukemia, Hodgkin’s 
disease, recurrent urticarial purpura with vesiculation, disseminated lupus erythema- 
tosus, acquired hemolytic icterus, and several other conditions exhibiting auto- 
agglutination with or without heterophile agglutinins were studied, by chick-embryo 
inoculation, for the presence of circulating virus. In most of these a virus was 
demonstrated which could be shown to cause agglutination of red cells of man and of 
other species in vitro (Table 2). The identity of some of the viruses and their 
relationship to the disease syndromes are still under investigation. 

Among other conditions involving the reticuloendothelial system and associated 
in some instances with acute hemolytic anemia are suppurative infections involving 
lymph nodes,*' typhoid,®* tuberculosis of the spleen and lymph nodes,** Gaucher’s 
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Behavior and Treatment: A Review of 45 Cases, J. A. M. A. 107:1776 (Nov. 28) 1936. 
(c) Howard, T., cited by Thompson. (d) Dameshek, W.; Rosenthal, M. C., and Schwartz, 
L. I.: The Treatment of Acquired Hemolytic Anemia with Adrenocorticotropic Hormone 
(ACTH), New England J. Med. 244:117, 1951. (¢) Hyman, G. A., and Southworth, H.: 
Hemolytic Anemia Associated with Liver Disease, Am. J. M. Sc. 221:448, 1951. 

49. Footnote 46g and i. Hyman and Southworth.48e Crane, A. R., and Zetlin, A. M.: 
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McCort, J. J.; Wood, R. H.; Hamilton, J. B., and Erlich, D. E.: Sarcoidosis: Clinical and 
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Haden, cited by Singer and Dameshek.**4 
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disease,** and other reticuloendothelioses,®* including Letterer-Siwe disease.*“ It 
is conceivable that the predilection of certain patients with infectious mononucleosis 
to acquire atypical immune responses,®® as well as acute hemolytic anemia,’ may 
also be a manifestation of the particular involvement of much of the reticulo- 
endothelial system by the presumed virus of the disease. 

In addition to the group of lymphoblastomas and leukemia, numerous instances 
have been recorded of acute hemolytic anemia as a complication of certain benign or 
malignant tumors.** Although immunologic responses have been shown to decline 
in malignancy,*® many other factors remain to be considered, including altered 
nutrition, multiplication of previously latent infections either within the tumor 
tissue or within the organism as a whole, and possibly lytic agents °° or mutant 
isoantigens *! (isohemagglutinogens) elaborated by tumor cells themselves. 
Spira, M.: Zur Frage der akuten, hamolytischen, infektidsen Anamie, Typ Lederer, im 
Kindesalter, Ztschr. Kinderh. 64:187, 1943. Giffin, H. Z., cited by Singer and Dameshek.*®4 
Evans, R. S.; Takahashi, K.; Duane, R. T.; Payne, R., and Liu, C-K.: Primary Thrombo- 
cytopenic Purpura and Acquired Hemolytic Anemia: Evidence for a Common Etiology, A. M. A. 
Arch. Int. Med. 87:48 (Jan.) 1951. 
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ROLE OF AUTOIMMUNIZATION IN ACUTE HEMOLYTIC ANEMIA 


The etiological relationship of hemagglutinating and hemolyzing autoantibodies 
to hemolytic anemia has gained increasing recognition since the important investi- 
gations of Dameshek and his associates.°* The findings in many cases are strikingly 
similar to those produced experimentally by introduction of serum containing 
antibodies against red blood cells obtained from another species * or an individual 
of the same species possessing a different blood group “*; these findings include 
microcytosis, spherocytosis, increased osmotic and mechanical fragility, and marked 
reticulocytosis ; when iarge doses are given, icterus and hemoglobinemia with hemo- 
globinuria may occur. Hemolytic anemia occurs also as a common disorder of the 
newborn (erythroblastosis neonatorum) in the event of maternal isoimmunization 
by reason of Rh- or ABO-incompatibilities between mother and fetus.*° 

The occurrence of acute hemolytic anemia as a complication of primary atypical 
pneumonia,® infectious mononucleosis, acute and subacute viral hepatitis,°’ and 
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various other infections, such as those mentioned previously, as well as infections 
treated with sulfonamides,®* has brought into issue the question of heterogenetic 
antibodies having affinities also for red blood cells. Much interest attaches, there- 
fore, to the finding of a fairly high titer of “heterophile agglutinin” in our patient’s 
serum, tested against sheep cells (1: 224). This finding has been recorded in many 
of the cases of acute hemolytic anemia complicating infectious mononucleosis. In 
some instances the definitive diagnosis of infectious mononucleosis was based 
primarily on the positive reaction to the heterophile test.’ In our case the findings 
were peculiar in respect to the effect of the differential absorptions with boiled 
guinea-pig-kidney antigen and boiled beef red blood cells. Whereas in infectious 
mononucleosis the sheep-cell heteroagglutinins are selectively absorbed by the beef 
cells but only to a small degree by guinea-pig kidney,”® in our case they were 
absorbed by neither during the initial serologic studies in January, but at the end 
of March a change was observed, and the heterophile agglutinins were then absorbed 
completely by the guinea-pig antigen and reduced by one-fourth or more by the 
boiled beef cells. Heterophile antibody (1:56) was still present Aug. 23. On the 
other hand, although the patient’s serum contained no demonstrable antibody 
against virus in January, a titer of 1:80 was noted Feb. 14, rising to 1: 640 by 
April 26. It dropped slowly and was no longer detected on Aug. 23, at which 
time the virus was again isolated, although in low titer (Table 1). 

It is probable that, if sufficient tests are made, a fairly broad spectrum of hetero- 
specific antibody response may be found in various infections.”‘ Furthermore, it 
should not be surprising if the range of conditions in which the heterogenetic 
antibodies react under certain selective conditions of temperature and pH with red 
blood cells of man and of several other species equals or even exceeds the wide 
range of conditions associated with “false-positive” serologic reactions for syphilis 
of warm-reacting or cold-reacting types ™ (i. e., antibodies having an affinity for 
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nonspirochetal lipid materials extracted from normal animal tissues, viz., beef 
heart). When high titers exist for any one type of heterogenetic antibody, other 
types are often demonstrable as well, although not necessarily in equal titer. In 
some cases of infectious mononucleosis high titers occur not only for sheep and beef 
red cell agglutinins, and for horse, pig, and rabbit red cell agglutinins, but also 
for cold hemagglutinins for human red cells,”* Bacterial agglutinins,**”* and beei- 
heart lipid antigen (in a positive serologic reaction of syphilitic type).** Comparable 
overlapping may be seen in patients with atypical pneumonia,”* who, in addition to 
developing high titers of cold agglutinins, may exhibit antibody activity against 
certain streptococci (Streptococcus MG),"*** lymphogranuloma venereum *** and 
psittacosis antigens,"®" syphilitic antigens,“* and rabbit, monkey, and sheep red 
cells."** Similar findings may be seen in viral hepatitis." 

On the basis of data such as these one may be led to infer that the occurrence 
of acute hemolytic anemia in the infections named above represent a by-product of 
a multiple type of immune response to a specific viral or other infective antigen. 
The various types of antierythrocytic immune bodies found (cold hemagglutinins, 
cold hemolysins, heterophile agglutinins) are thereby regarded as types of hetero- 
specific response allied to the false-positive serologic reaction for syphilis. In this 
connection it is noteworthy that certain cases of acute hemolytic anemia of undeter- 
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mined or noninfectious cause have been reported to show positive serologic reactions 
for syphilis, at least during the acute phases.** 

With equal plausibility one may accept the theory that such “autoantibodies” 
for red cells are produced as a consequence of intravascular hemolysis by the 
infective agent, in the course of which the structure of the erythrocyte is modified 
sufficiently to render it antigenic. The development of true autoantibodies against 
red cells by reason of alteration of their antigenic structure has been suggested as 
an explanation for the hemolytic anemia which sometimes follows treatment with 
sulfonamide compounds,** possibly as a result of the action of these substances on 
blood cells in such a manner as to render them alien to the protein pattern of the 
patient.”® 

The frequent (but not invariable) history of sulfonamide administration in cases 
of atypcal pneumonia or infectious mononucleosis complicated by acute hemolytic 
anemia suggests the additive or even synergistic effect of chemical and infective 
agents which modify the protein composition of the red cells so as to provoke an 
intensified autoantibody response. A certain analogy exists here with blackwater 
fever, which is observed to occur with increased frequency in malarial patients 
treated with quinine.*° However, the Coombs reaction has been found repeatedly 
negative after an attack of blackwater fever,*® although in some cases cold agglu- 
tinins are found.*' The combination of two chemicals, quinine and pamaquine, has 
been found similarly effective in synergistic combination to produce an increased 
rate of red cell destruction.** 

It is evident, therefore, that red cells may develop multiple antigenic properties 
because of the large variety of receptors on their surface upon which viruses, 
bacterial enzymes, and simple chemicals can act independently or in synergism to 
evoke a multiplicity of immune responses which, in many instances, may coexist 
in the same person and, in certain circumstances, cause autoagglutination. Although 
Stats and others ** favor the view that cold hemagglutinins are, therefore, more 
frequently the result rather than the cause of intravascular hemolysis, the presence 
of these and other types of autoantibody in high titer may also, in some cases, be 
looked upon with justifiable suspicion as being responsible for serious hemaggluti- 
native and hemolytic disease. The presence of a positive Coombs reaction ** and 
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the presence upon the red blood cells of agglutinins which can be transferred by 
elution to the red cells of normal persons of the same blood group *° are among the 
cogent arguments offered for the latter concept. 

The findings of Burnet and others ** that red blood cells exposed to a hemotoxic 
virus, such as mumps or Newcastle disease virus, become agglutinable by specific 
antiviral immune sera draw attention to another possibility, namely, that a person 
so infected may develop sufficient antiviral immunity within himself to bring about 
autoagglutination as the effect of antiviral antibodies upon virus-sensitized red 
cells. In such cases red cells exhibiting such effects may also be expected to possess 
an antibody coating demonstrable by the Coombs antiglobulin test. This proved 
to be the case in E. B., the husband of the patient reported on here. On several 
occasions his red cells exhibited distinct autoagglutination, together with a positive 
Coombs antiglobulin test, as well as a positive antialbumin test. These findings 
were taken as presumptive evidence of the presence of circulating virus or virus 
residues adsorbed upon his red cells, despite lack of evidence of illness. The same 
finding was obtained eventually in the case of the patient herself, occurring first 
in April, 1951, six months after the onset of her illness. At this time her antibody 
titer had reached 1:640. It was also reproducible in vitro in mouse red blood 
cells sensitized with Newcastle disease virus and then exposed to the action of 
another human serum containing antibodies for this virus in equally high titer. 

In the light of these considerations it may be well to consider the possibility 
that certain cases of acute hemolytic anemia in which the Coombs test has been 
shown to be positive may be instances of infection with hemotoxic virus of the type 
of Newcastle disease virus, in which the virus itself, or a noninfective viral residue 
or hemagglutinating component, plays the part of go-between, linking antiviral 
immune bodies to red cells. Whether this phenomenon can be demonstrated as more 
general in nature and possibly associated with damage to the red cell remains to be 
determined. A similar intermediary role of virus receptors remains to be con- 
sidered in the interpretation of certain other clinical phenomena in which the con- 
cept of “autosensitization” has been advanced (allergic purpura, dermatomyositis, 
disseminated lupus erythematosus, idiopathic thrombophilia, rheumatic fever, etc.). 

Differentiation between the two principal varieties of pathogenetic mechanism 
in acute hemolytic anemia, viz., autosensitization of red cells and the intra- 
vascular activities of hemotoxic viruses, becomes a matter of more than academic 
importance when a decision must be made regarding therapy. The good results of 
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splenectomy reported in many instances *’ are balanced or outweighed by the failure 
of cure, or relapse, or aggravation of the disease reported in others ** which, on 
theoretical grounds, may be anticipated whenever antiviral resistance is already 
impaired by nutritional deficiency or by reticuloendothelial disease of the types 
mentioned above. Similarly the benefits reported from the use of cortisone and 
corticotropin **4 in cases described as manifesting the immune type of hemolytic 
mechanism are counterbalanced by the possibilities that these agents may actually 
favor the multiplication and spread of viruses, as reported by Shwartzman ** and 
others. In our own case transient marked improvement in clinical symptoms was 
soon overtaken by serious relapse while treatment with cortisone and, afterward, 
corticotropin was still being maintained. For such reasons it must be apparent that, 
regardless of the results of the Coombs test, every effort should be made to rule 
out a viral causation in cases of acute hemolytic anemia. 


ALBUMIN “COATING” OF RED CELLS IN HEMOLYTIC STATES AND 
THE FALSE-POSITIVE COOMBS REACTION 


The status of the Coombs test as a diagnostic aid in acquired hemolytic anemia 
cannot be considered established as a final proof of autosensitization if judged in 
the light of the data just discussed. On the basis of these data some of our studies 
appear to indicate that a positive result, equivalent to that obtained in the presence 
of autoantibodies for red cells, can be produced also by antiviral antibodies attached 
to virus-sensitized red cells. The specificity of the Coombs test as a general means 
of detecting antibodies attached to red cells has also been brought into question from 
an entirely different point of view. In the course of preliminary studies with 
immune sera produced in rabbits against purified human albumin, an unexpected 
result was obtained with the red cells of patient S. B. Although these exhibited 
marked autoagglutination at the time of virus isolation in January and during 
February, they were not agglutinated by antiglobulin (human) rabbit serum but 
were agglutinated by antialbumin (human) rabbit serum in high dilution. The 
reaction appeared to be specific, judged by the negative results with several other 
rabbit antisera (Table 3). These results were difficult to reconcile with the preva- 
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lent concept that the hemolysin of acute hemolytic anemia is of antibody nature, 
viz., globulin. The possibility was then considered that the hemolytic properties 
of the strain of Newcastle virus recovered from this patient’s blood may have altered 
the surface of her red cells to permit imbibition of protein molecules of smaller size 
than serum globulin, such as serum albumin, in much the same manner as tannic 
acid in Boyden’s experiments with serum albumin.®° Antialbumin tests were, there- 
fore, set up against red cells previously subjected to weak hemolysis by hypotonic 
saline solution, immediately or after incubation for varying periods with normal 
serum, also against red cells from outdated bank blood and against red cells of 
various conditions associated with autoagglutination or heterophile agglutination 
(infectious mononucleosis, atypical pneumonia, recurrent infectious hepatitis, etc.). 
Positive results were obtained in many tests of the last group, as well as in those 
on red cells exposed to hypotonic saline solution followed by serum contact for more 
than four hours. The nature of the albumin coating is still subject to investigation. 
According to Fairley,®** who discovered the existence of methemalbumin while 
studying blackwater fever, this substance is formed when hemoglobin is liberated 
from red cells in contact with serum, apparently through interaction of hematin 


TABLE 3.—Titration of 2% Suspension of Washed Red Cells of S. B., 
Using Rabbit Antisera 
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Antialbumin (human) +4 _ 
Antiglobulin (human) _ os 
Antialbumin — 
Antiglobulin (beef) .... _ 
Antichicken serum _ 
Antihorse serum -- 


with serum albumin. The possibility that methemalbumin is formed during weak 
hemolysis and remains bound to the red cell surface has not yet been tested but 
appears plausible. 

The significance of this finding is probably twofold. In the first place, a positive 
antialbumin reaction with a negative antiglobulin reaction implies a direct type of 
hemolysis rather than indirect hemolysis through antibody action. In the second 
place, it tends to cast doubt on the validity of some of the previously reported posi- 
tive results of the Coombs test employed as a means of differentiation between con- 
genital and acquired hemolytic anemia. In many such instances commercial Coombs 
reagent or locally prepared antiserum was used without regard for the possible 
presence of antialbumin factors, especially when whole human serum instead of 
refined gamma globulin was employed as antigen. Recently, Rosenfield, Vogel and 
Rosenthal *** have also drawn attention to the fact that many rabbits yield potent 
antialbumin antibodies useless in the antiglobulin test, and these authors underscore 
the need for evaluating rabbit serum by adsorption and cross titration before it is 
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used for the Coombs test. According to these authors a false negative reaction has 
never been encountered by them in Rh-hemolytic disease of the newborn or in 
acquired hemolytic anemia, when employing potent antiglobulin serum carefully 
prepared and titrated by their methods; they are inclined to regard the findings 
of other workers of positive “direct” antiglobulin reactions in congenital sphero- 
cytic anemia as possibly the result of cold-agglutinin sensitization. Our findings 
with antialbumin serum impel us to question whether the testing reagent employed 
in the latter cases may not have contained antialbumin factors which could react 
with partly hemolyzed red cells regardless of the nature of the hemolyzing agency. 


SUMMARY 


A case of acute hemolytic anemia with autohemagglutinative vascular phenomena 
is reported in which the virus of Newcastle disease (avian pneumoencephalitis ) 
was isolated from the patient’s blood shortly after the acute phase of her illness had 
subsided. During the active stages of the illness the patient exhibited a peculiar 
eruption described as resembling the eruption of acute disseminated lupus erythema- 
tosus. Cortisone and corticotropin (ACTH) therapy produced temporary clinical 
improvement, followed by relapse during their continued administration. 

The occurrence of spontaneous infection with Newcastle virus in this patient, 
as in a recent epizootic in laboratory hamsters, is probably related to lowering of 
natural resistance for a virus which in mammals may be widely prevalent but 
ordinarily latent. 

Similarities between the acute hemolytic syndrome of this case and that of 
others reported in the literature suggest the possibility that hemotoxic viruses may 
be commoner than ordinarily suspected as a cause of acute hemolytic anemia. Cer- 
tain preliminary data appear to indicate that acute hemolytic anemia and hemagglu- 
tinative syndromes complicating Hodgkin’s disease, leukemia, lymphosarcoma, and 
certain other widespread diseases of the reticuloendothelial system may result from 
the multiplication of latent viruses as a result of impaired antiviral resistance. Nutri- 
tional deficiencies may play a similar role. 

The presence of immune agglutinins for red blood cells, revealed by the Coombs 
test, may be explained in some instances by antiviral immune substances attached 
to virus-sensitized red cells and not necessarily by the presence of a hemolytic auto- 
antibody. On the other hand, the absence of a positive Coombs antiglobulin reaction 
in acute hemolytic anemia (as in the case cited here) may be accompanied with 
the presence of a positive antialbumin reaction, suggesting that serum albumin has 
been adsorbed as a result of viral injury or other type of hemotoxic agent. In such 
cases a false-positive Coombs test may be obtained with Coombs reagent prepared 
by immunizing rabbits with whole human serum. 

On the basis of the data presented, examination of the blood for viruses may 
be warranted in various clinical conditions in which resistance to infection may be 
impaired, particularly when complicated by hemolytic or hemagglutinative phe- 
nomena demonstrable by laboratory methods or manifested clinically as acquired 
hemolytic anemia or atypical vascular symptoms, such as Raynaud’s syndrome or 
acrocyanosis. In a preliminary series of tests in 17 other cases showing auto- 
hemagglutination in vitro, hemagglutinating viruses were recovered in 14. 


Dr. Benjamin F. Glasser generously permitted the use of his clinical data and enlisted the 
cooperation of the patient for prolonged follow-up laboratory studies. 





Case Reports 


HEMOLYTIC ANEMIA IN VIRAL PNEUMONIA WITH 
HIGH COLD-AGGLUTININ TITER 


ROBERT S. AARON, M.D. 
NEW YORK 


OLD AGGLUTININS occurring during the course of respiratory infections 

were first described by Clough and Richter* in 1918 and again in 1939 by 
Wheeler and associates.2 However, it was not until 1943 that Peterson and 
co-workers * noted the association of cold agglutinins and primary atypical pneu- 
monia. Since then, numerous such reports have appeared in the literature. The 
hemolytic properties of this agglutinin were first recognized by Salén* in 1935. 
Almost a decade later, reports appeared describing hemolytic anemia in the course 
of primary atypical pneumonia with high cold-agglutinin titers.° The exact mechan- 
ism of this hemolysis and the role played by mechanical trauma were investigated 


and demonstrated by Stats and his colleagues.® 
The purpose of this paper is to report a case of hemolytic anemia occurring in 


viral pneumonia with a high cold-agglutinin titer. 


REPORT OF CASE 


W. W., a 46-year-old Negro man, was admitted to Kings County Hospital on March 12, 
1950, because of chills and fever of three days’ duration. He was in good health until five days 
prior to admission when, on a very cold day, he went outdoors “without proper clothing” and 
felt chilly. Two days later he had recurrence of chills, associated with fever. He also noted a 
nonproductive hacking cough which had sulsided at the time of admission. The night prior to 
admission he had a severe shaking chill and noted that his eyes were yellow. His urine was 
dark brown-red. He had had no recent head colds or medications. 


From Kings County Hospital, Brooklyn. 
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The past history revealed no previous illness of significance. Three years prior to admission, 
on applying for employment, he had a “blood test which was negative.” He had been unemployed 
for the past two months. His living quarters were well heated. 

Results of Physical Examination.—Physical examination revealed a well-developed and well- 
nourished 46-year-old. Negro man, who appeared acutely iil. He was mildly dyspneic, and his 
scleras were markedly icteric. The blood pressure was 106/60, the temperature 101 F., the 
pulse rate 100 and regular, and the respiratory rate 36 per minute. There were small bilateral 
posterior cervical and axillary lymph nodes, and the pharynx was mildly injected. Dulness at 
both lung bases and bilateral basilar rales, more pronounced on the left, were noted. Fremitus 
and breath sounds were normal. Except for tachycardia, the heart was normal. The liver and 
spleen were not palpable, and there was no edema. 

Laboratory studies on admission showed a hemoglobin concentration of 8 gm. per 100 cc., 
a red blood cell count of 2,780,000, and a white blood cell count of 36,400, with 70% poly- 
morphonuclear leucocytes, 8% stab forms, 19% lymphocytes, 2% basophils, and 1% eosinophils. 
There were no spherocytes. A few nucleated red blood cells were seen on the smear, which 
was difficult to make because the blood would not adhere to the slide in an even spread. No 
sickle cells were demonstrated. The urine was dark brown and acid, with a specific gravity 
of 1.020, a 4+ reaction for albumin, and a normai amount of sugar. The sediment contained a 
few white blood cells, 8 to 10 red blood cells per high-power field, and a few granular casts. 
Urinary urobilinogen was present only in 1:20 dilution, and the urine gave a_ positive 
benzidine reaction. The blood taken for determination of the sedimentation rate agglutinated 
immediately, with a reading of 24 mm. in five minutes at room temperature. The Coombs 
reaction was positive at room temperature. The blood Kolmer reaction was negative, but the 
blood Kahn reaction was 44+. Cold agglutinins were reported as present in dilutions to 
1: 1,024 but were not followed to higher dilution. Heterophile agglutination was at 1: 896. 
The plasma gelled in 1.0% saline solution and was positive for autoagglutinins and negative 
for isoagglutinins. Except for mild normoblastic reaction, the bone marrow was normal. There 
was no growth on two cultures of blood taken prior to therapy. The blood urea was 30 mg., 


the fasting blood sugar, 87 mg., and cholesterol, 228 mg., per 100 cc. Blood drawn for icterus 
index and red cell fragility studies hemolyzed. Total proteins were 6.0 gm. per 100 cc., with an 
albumin/globulin ratio of 2.4/5.6. 

The electrocardiogram was normal. The roentgenogram of the chest taken on admission 
revealed a moderately thickened and calcified left parietal pleura and a peribronchial infiltration 
in the left central lower lung field. 


Course —After blood cultures were obtained, the patient was given 300,000 units of 
crystalline penicillin procaine (duracillin®) daily. Because of a rise in temperature to 102 F. 
in the next 24 hours, he was given 250 mg. of aureomycin every six hours. On the second 
hospital day, the hemoglobin concentration had fallen to 6 gm. per 100 cc. and he received a 
500-cc. transfusion. By the fourth hospital day, the temperature was normal and the patient 
felt well. However, the hemoglobin concentration was 6.5 gm. per 100 cc., and he received 
another 500-cc. transfusion. It was still difficult to make a good smear of the peripheral blood. 
By the fifth hospital day the icterus had all but subsided. Attempts to obtain an icterus index 
were unsuccessful because of hemolysis. The hemoglobin concentration was 6 gm. per 100 cc. 
On the seventh hospital day he received an additional 1,000 cc. of blood, bringing the hemoglobin 
content to 10.5 gm. per 100 cc., from which level it did not fall. The Donath-Landsteiner 
reaction was negative. In the red cell fragility test initial hemolysis was reported as occurring 
in 0.50% sodium chloride solution, with complete hemolysis in 0.18% sodium chloride solution. 
The plasma gelled with hemolysates from 0.62% sodium chloride solution to water. There was no 
gel formation in 1.0% saline solution, as there had been on admission. The reticulocyte count was 
7.1%, and the icterus index at this time was 13. The white blood cell count had fallen to 12,600. 
The patient was fully ambulatory by the 14th hospital day. Urinalysis gave completely normal 
results. Repeat determinations of total proteins showed 6.3 gm. per 100 cc., with an albumin- 
globulin ratio of 3.6/2.7. The sedimentation rate was 24 mm. in 30 minutes at room temperature, 
but on warming of the sample it was 22 mm. in an hour. The cold-agglutination titer was now 
1: 4,096, and the heterophile agglutination was 1: 56. A lumbar puncture yielded normal spinal 
fluid under normal pressure, with negative Kolmer and Kahn reactions. Penicillin and aureo- 
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mycin administration was discontinued on the 16th hospital day, with the patient remaining 
asymptomatic and afebrile. By the 19th hospital day the mild adenopathy had not changed. 
There were minimal rales at the base of the left lung. A chest roentgenogram revealed calci4- 
cation of the left pleura as before and only residual changes of the previous infiltration at the 
base of the left lung. Repeat blood Kolmer and Kahn tests gave 4+ reactions. By the 25th 
hospital day the lungs were clear; the hemoglobin concentration was 12.5 gm. per 100 cc. and 
the white cell count was 6,200. The Coombs reaction was now negative. Autoagglutinins, 
isoagglutinins, and blocking antibodies were not demonstrated. The red cell fragility test was 
reported as showing initial hemolysis in 0.66% sodium chloride splution, with complete hemolysis 
in the 0.44% solution. The patient was discharged on April 8, 1950, the 28th hospital day. He 
was completely asymptomatic. 

Follow-up Observations—The patient was active and well when he visited the hospital on 
April 19. The hemoglobin concentration was 14 gm. per 100 cc., and the cold agglutination was 
1:512. He was seen again on May 25, 47 days after discharge. The cold agglutination was 
positive in 1:256 dilution. The hemoglobin concentration was 14.5 gm. per 100 cc. The 
patient was quite well and was employed as a garage attendant. He has not kept later appoint- 
ments. 

The pertinent laboratory data are summarized in the Table. 


Summary of Laboratory Data 





3/16 = 3/18 


Hemoglobin, gm./100 ce 8 3 5 H 10.5 
White blood count, thousands... 36. Beue bose wales 12.6 
Blood Kahn reaction 
Blood Kolmer reaction 
Coombs reaction 
Cold agglutinins, dilution....... 1,024+- 
Heterophile agglutinins, dilution 896 
Autoagglutinins 
Isoagglutinins 
Total protein, gm./100 ec 
Albumin 
Globulin awke 
PrOMStOMONs, O68. 6s ivesbisevionses sive 8 5 isco 3 


COMMENT 

The positive serologic reactions in this case are probably coincidental findings. 
In syphilitic cold hemoglobinuria, anemia usually does not occur, the cold agglutinins 
are not found in such high titer, and the Donath-Landsteiner test (hemolysis at 37 C. 
after chilling, but not in the cold) always has a positive reaction. These and other 
methods of differentiation have been described.’ 

In spite of the high heterophile agglutination and mild adenopathy, the absence 
of atypical lymphocytes and hepatosplenomegaly would tend to exclude infectious 
mononucleosis. Unfortunately, the agglutination was not performed at incubator 
temperature, nor was the more specific test with guinea-pig-kidney absorption used. 
Schultz * and others have demonstrated the nonspecificity of the heterophile aggluti- 
nation, and hemolytic anemia complicating infectious mononucleosis has been 


7. Stats and Wasserman.*¢ Becker, R. M.: Paroxysmal Cold Hemoglobinurias, Arch. 
Int. Med. 81:630 (May) 1948. 

8. Schultz, L. E.: Heterophile Antibody Titer in Diseases Other Than Infectious Mono- 
nucleosis, Arch. Int. Med. 81:328 (March) 1948. 
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reported.’ The simultaneous occurrence of infectious mononucleosis and atypical 
pneumonia has also been described.*® 

The presence of hemolytic anemia was confirmed by the low hemoglobin concen- 
tration, which initially did not respond to transfusions, the icterus, the increased 
reticulocyte count, and the positive Coombs reaction, which became negative with 
recovery. The clinical and roentgenographic findings, as well as the increased cold- 
agglutinin titer, confirm the diagnosis of viral or “atypical” pneumonia. 

The temporary increase in serum globulin is worthy of note. Stats and 
co-workers " demonstrated that the cold agglutinin is a globulin which moves with 
the gamma groups on electrophoretic analysis. 

The tendency of the blood to hemolyze on venepuncture is due to increased 
mechanical fragility with high cold agglutinins.** Warmed syringes should be used 
to avoid this. The difficulty in spreading smears may also be avoided by warming. 
Increased destruction of red blood cells has been demonstrated, in vitro, in the 
presence of isoagglutinins and cold agglutinins.” 

This patient was followed for a total of 74 days. The Coombs reaction, auto- 
agglutinins, serum globulin, and peripheral blood count, abnormal during the acute 
course of the illness, became normal. The only remaining laboratory abnormality 
which would indicate what had occurred was the elevated cold-agglutination titer in 
dilution of 1: 256. 

SUMMARY 


A case of hemolytic anemia during the course of viral pneumonia with a high 
cold-agglutinin titer is presented. 

The cold-agglutinin titer, which was positive in the dilution of 1: 4,096 during 
the acute phase of the illness, was the last laboratory finding to return to normal. 

Positive serologic reactions and an increased heterophile-agglutination titer were 
coincidental findings. 

The cold-agglutinin titer should be determined in all cases of unexplained hemo- 
lytic anemia. 

440 E. 20th St. (9). ; 


Dr. Janet Watson aided in the preparation of this report. 
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ECAUSE of the rare occurrence of conversion of chronic lymphocytic leukemia 
to Hodgkin’s disease, the following case is being reported. 


REPORT OF CASE 


G. P., a 67-year-old Swedish-born white man, was well until September, 1946, when he 
noticed a painless, nontender mass in the left side of the abdomen which began to increase slowly 
in size. Associated with the mass, he had a feeling of fulness after meals. Although his appetite 
was good, he lost 10 Ib. (4.5 kg.) in weight during the following year. Because of these symptoms, 
he was admitted for study during September, 1947, to the Tompkins County Memorial Hospital, 
Ithaca, N. Y. Physical examination revealed no abnormality except enlargement of the spleen 
to below the umbilicus. Laboratory tests indicated a normal urine, a hemoglobin concentration of 
11.8 gm. per 100 cc., and 4,590,000 erythrocytes and 4,600 leucocytes per cubic millimeter, with a 
differential count of 33% neutrophils and 67% lymphocytes. The thrombocyte count was 222,000 
per cubic millimeter. The reaction to the erythrocyte fragility test was normal. Bone marrow 
aspiration disclosed mostly lymphocytes, with only a scant number of cells of the granulocyte 
series (Fig. 1). This appearance was compatible with a diagnosis of aleukemic lymphocytic 
leukemia. A roentgenogram of the chest was normal. 

After his discharge from the hospital, the patient returned, in January, 1948, to the radiation 
therapy clinic at Kings County Hospital, Brooklyn. Eight years previously, he had been treated 
successfully with x-radiation for basal-cell carcinoma of the forehead. On the present admission, 
he complained of pain in the left upper abdominal quadrant. The spleen reached the midline and 
extended below the umbilicus. The liver edge was 2 fingerbreadths below the right costal margin. 
Lymphadenopathy was absent. A complete blood count was done and disclosed 10 gm. of 
hemoglobin per 100 cc., 6,650 leucocytes per cubic millimeter, and a differential count of 63% 
lymphocytes and 34% segmented neutrophils (Table 1). Sternal marrow smears revealed a 
differential count of 81% lymphocytes, 1% nonsegmented neutrophils, 3% segmented neutrophils, 
and 15% normoblasts (Table 2). During the following months, the leucocyte counts remained 
at about 5,000 per cubic millimeter, with lymphocytes varying from 63 to 46%. He received a 
total of 600 r of x-radiation to his spleen in April, 1948, to relieve splenic pressure. During 1948, 
the hemoglobin concentration gradually rose from 11 to 15 gm. per 100 cc. In September, a 
spinal marrow smear contained 40.5% lymphocytes. The size of the spleen remained constant. 
By January, 1949, the peripheral differential lymphocyte count was reduced to 17%. In May 
axillary and cervical lymph nodes were first noted to be enlarged. He was given 25 r of spray 
x-radiation on four sucessive days. By July the peripheral lymphocytes decreased to 9%. During 
the remainder of the year, the hemoglobin concentration gradually fell to 8 gm. per 100 cc. The 
spleen extended to the umbilicus. Cervical and inguinal nodes were also enlarged. In December 


From the Third (New York University) Medical Service (Dr. Milton B. Rosenbluth, 
Director) and the Pathology Service (Dr. Julius Rosenthal, Director), Goldwater Memorial 
Hospital, Welfare Island, New York 17. 
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the patient complained of tenderness over the spleen. A friction rub could be heard over this 
area. It was felt that the patient had a splenic infarct, and he was, therefore, hospitalized. 

On admission, the patient appeared to be an emaciated, chronically ill white man. Significant 
findings were rhonchi over the base of the right lung posteriorly, cardiac enlargement, a soft 
systolic murmur at the apex, and sinus tachycardia, with a rate of 108. The liver had a smooth 
edge and was palpated 2 fingerbreadths below the right costal margin. The spleen extended to 
the iliac crest and was firm and tender. Several firm nodules were present in the epigastrium, 
and there was lymphadenopathy in the cervical, axillary, and inguinal regions. 

Laboratory Data—There were 10 gm. of hemoglobin per 100 cc. and 3,700,000 erythrocytes 
and 5,950 leucocytes per cubic millimeter, with a differential count of 75% segmented neutro- 


Fig. 1—Sternal marrow in 1947, demonstrating lymphocytic hyperplasia. 


phils, 9% nonsegmented neutrophils, 5% myelocytes, 10% lymphocytes, and 1% basophils. 
Thrombocytes were adequate on smear. Urinalysis showed no abnormality. Blood urea nitro- 
gen measured 19 mg.; fasting blood sugar, 111 mg.; protein, 5.8 gm. (4.2 gm. of albumin and 
1.6 gm. of globulin); total cholesterol, 174 mg., and serum inorganic phosphorus, 3.5 mg., 
per 100 cc. The cephalin-flocculation reaction was 2+ in 48 hours. Other findings were 
icterus index, 5; serum bilirubin, 0.78 mg.; thymol turbidity, 2.7 units; alkaline phosphatase, 
7.3, and acid phosphatase, 1.6 King-Armstrong units. The marrow smear was within normal 
limits and had a differential count of 9.5 lymphocytes. Roentgenograms showed productive 
changes at the roots of both lungs and the lower lobes, with a small effusion at the left costo- 
phrenic sinus. There were small areas of demineralization in the upper half of the left humerus. 
A retrograde pyelogram disclosed an ectopic kidney on the left side over the lower lumbar portion 
of the spine. The major calyces and a bifurcated pelvis were enlarged. The electrocardiogram 
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was normal except for sinus tachycardia. A biopsy specimen of an axillary lymph node was 
diagnosed as showing Hodgkin’s paragranuloma (Fig. 2). 

Course in Hospital—While in the hospital, the patient continued to have tachycardia and 
irregular intermittent fever; the temperature did not rise above 101 F. until terminally. He 


TABLE 1.—Peripheral Blood Studies 
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TABLE 2.—Differential Counts on Bone Marrow Smears Obtained by Aspiration 
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was anorectic and became progressively weaker. Ten milligrams of nitrogen mustard (methyl- 
bis or tris [2-chlorethyl] amine hydrochloride) was administered intravenously on two days. 
There was no symptomatic improvement. However, lymphadenopathy decreased and the spleen 
receded to the umbilicus. Leucopenia (1,950 leucocytes per cubic millimeter) developed. In 
February, 1950, the patient became confused. The temperature rose to 103 F. Physical 
examination revealed stiffness of the neck and the presence of Brudzinski’s sign. Heart sounds 
were distant. There was 2+ ankle edema on the left. The spinal fluid was clear and under 
an initial pressure of 40 mm. of water. Further studies on the spinal fluid showed 3 erythro- 
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cytes per cubic millimeter, a negative Pandy reaction, 86 mg. of protein and 122 mg. of glucose 
per 100 cc., and a negative culture. The patient died on the same day. 


Results of Postmortem Examination—The liver weighed 1,800 gm. There were slight 
congestion and multiple white areas beneath the capsule and scattered through the parenchyma. 
Microscopically, focal infiltrations were seen, particularly in the periportal regions, consisting of 
a variety of cells, but prinicipally lymphocytes and histiocytes. Included among these were 
numerous reticulum cells forming nodules and giant cells, ranging from cells with two nuclei 
to others having a complete ring. Some liver cells showed enlargement of nuclei and hyper- 
chromatism. ‘There were focal areas of hyalinization and lesions consisting of necrotic centers 
and a rim of histiocytes including giant cells. 

The spleen weighed 1,300 gm. The splenic artery was tortuous and sclerotic. Micro- 
scopically, the capsule was moderately thickened and contained areas of calcification. The 
follicles were decreased in number. There were old areas of necrosis in which only remnants of 
lymphocytes were present. Large areas of fibrosis, hyalinization, and calcification were evident. 


m Fig. 2.—Microscopic section of lymph node in 1950, demonstrating appearance of Hodgkin's 
isease. 


Lymph nodes were generally enlarged, including those of the anterior and posterior cervical, 
paratracheal, and paraesophageal chains. The mediastinum and lung hila contained similar 
enlarged nodules. A mass of enlarged nodes, posterior to the splenic artery, displaced the 
pancreas and stomach anteriorly. It extended up to the hiatus of the esophagus and down along 
the aorta to the hila of the kidneys. The common bile duct was surrounded by a mass of nodes 
but was not obstructed. Microscopically, the architecture was entirely destroyed. The capsule 
was moderately thickened. A granulomatous process, including diffuse reticulum-cell collections 
accompanied with a large variety of giant cells of all types, fibrosis, hyalinization, old necrosis, 
and amyloid deposition were all present. Acid-fast stains failed to reveal tubercle bacilli. 

The bone marrow had focal areas of necrosis and fibrosis microscopically. These were 
surrounded by rings of lymphocytes. There were also occasional collections of reticulum cells. 


The other observations were not pertinent to the present discussion. 


The pathological diagnosis was Hodgkin’s disease and tuberculosis. 





KRIM ET AL—LYMPHOCYTIC LEUKEMIA TO HODGKIN’S DISEASE 301 


COMMENT 


The clinical course of this patient was unusual. The disease was diagnosed as 
chronic aleukemic lymphocytic leukemia in 1947. One year later the bone marrow 
and peripheral blood picture was still consistent with this diagnosis. During the 
following nine months, the lymphocyte count in the bone marrow and peripheral 
blood began to decrease. By 1950 the marrow and blood picture was no longer 
compatible with a diagnosis of lymphocytic leukemia. Lymph node biopsy and post- 
mortem examination confirmed the diagnosis of Hodgkin’s disease with tuberculosis. 

The coexistence of Hodgkin’s disease and leukemia or the conversion of lympho- 
cytic leukemia to Hodgkin’s disease is not a frequent occurrence. MacMahon and 
Parker in 1930 described a patient who had both Hodgkin’s disease and leukemia. 
Hodgkin’s disease and tuberculosis is commoner. In fact, Ewing stated that 
“.., . tuberculosis follows Hodgkin’s disease like a shadow.” Jackson believes 
that lymphocytic leukemia and tuberculosis are a rare combination. Among a series 
of about 400 persons with leukemia, he observed only one with tuberculosis. 
Another patient had tuberculosis, lymphocytic leukemia, Hodgkin’s disease, mycosis 
fungoides, and widespread epidermoid carcinoma.* Seife recently reported on a 
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Fig. 3.—Modification of Custer’s diagram,5 showing interrelationship of lymphomas, includ- 
ing the conversion of lymphocytic leukemia to Hodgkin’s disease. Heavy lines show transitions 
frequently found. Lighter lines show uncommon transitions. Double-headed arrows signify 
a change in either direction. The dotted line implies a possible sequence not encountered in 
Custer’s series. 


patient with lymphocytic leukemia, Hodgkin’s disease, and tuberculosis. In a 
review of the American and European literature, he found cases of Hodgkin’s disease 
associated with myelogenous, lymphocytic, or monocytic leukemia.* However, these 
cases had evidence of both leukemia and Hodgkin’s disease at autopsy. 

Custer reviewed 700 cases of Hodgkin’s disease and 600 of other lymphomas. 
He described an interconversion of lymphosarcoma and lymphocytic leukemia or 
Hodgkin’s sarcoma.® However, he did not include the transition of lymphocytic 


1. MacMahon, H. E., and Parker, F., Jr.: A Case of Lymphoblastoma, Hodgkin’s Disease 
and Tuberculosis, Am. J. Path. 6:367-380, 1930. 

2. Ewing, J.: Neoplastic Diseases: A Treatise on Tumors, ed. 4, Philadelphia, W. B. 
Saunders Company, 1940, p. 416. 

3. Jackson, H., Jr.: Personal communication to the authors. 

4. Seife, M.; Reich, C., and Lisa, J. R.: Chronic Lymphatic Leukemia Associated with 
Hodgkin’s Disease, Acta haemat. 5:65-74, 1951. 

5. Custer, R. P., and Bernhard, W. G.: The Interrelationship of Hodgkin’s Disease and 
Other Lymphatic Tumors, Am. J. M. Sc. 216:625-642, 1948. 








302 A. M. A. ARCHIVES OF INTERNAL MEDICINE 


leukemia to Hodgkin’s disease. Custer’s scheme has, therefore, been altered to 
include this present observation (Fig. 3). 

Symmers has reported evidence of giant follicular lymphadenopathy, poly- 
morphous cell follicular sarcoma, and Hodgkin’s disease coexisting in the same 
lymph node.* Because of the close relationship of these diseases, it is, therefore, not 
surprising that lymphocytic leukemia can change to Hodgkin’s disease. 


SUMMARY 

A case of lymphocytic leukemia with conversion to Hodgkin’s disease is pre- 

sented. Since there was no evidence of leukemia terminally, this case was interpreted 

as one of a true conversion rather than as one of the coexistence of the two diseases. 
Mr. Harris J. Krim prepared the chart. 


6. Symmers, D.: Lymphoid Diseases, Arch. Path. 45:73-131 (Jan.) 1948. 





ESSENTIAL LIPEMIA, ACUTE GOUT, PERIPHERAL NEURITIS, AND 
MYOCARDIAL DISEASE IN A NEGRO MAN 


Response to Corticotropin 


JOHN K. FULTON, M.D. 
WICHITA, KAN. 


SSENTIAL lipemia is a rare disease. In a recent review, Movitt, Gerstl, Sher- 

wood, and Epstein ' were able to find 14 previously reported cases and added 
3 of their own. While the occurrence of xanthomas in the skin, lipemia retinalis, 
hepatomegaly, and splenomegaly was frequent in this series, the occurrence of gout 
or peripheral neuritis is not mentioned. These authors stated: “In contrast with 
familial hypercholesteremic xanthomatosis, premature arteriosclerosis and ather- 
omatosis have not been observed in idiopathic hyperlipemia of adults.” Wolfson, 
Cohn, Levine, Rosenberg, and Hunt? mentioned a single case of gout associated 
with idiopathic lipemia and stated that, with the exception of this case, the presence 
of hypercholesteremia is not characteristic of gout. Because the case to be reported 
adds a second instance of gout in relation to essential lipemia, as well as an additional 
apparently related neurologic and cardiac syndrome not previously described, and 
because of the striking clinical response to corticotropin (ACTH), this case is felt 
worthy of presentation. 

REPORT OF CASE 

The patient, a 49-year-old male Negro porter, first presented himself to an orthopedic 
colleague in November, 1946, complaining of pain and swelling in the left elbow, which was 
interpreted to be due to injury to the insertion of the triceps tendon in the olecranon process. 
He then remained well until December, 1948, when the left knee became swollen and painful 
and exhibited increased heat. Inflammation in this joint subsided with penicillin treatment and 
physical therapy, and he remained well until April, 1950, when the left elbow again became 
stiff and painful for 10 days. At this time there gradually developed continuous burning 
sensations around the heels, arches, and ankles, accompanied with “dark spots” in the skin 
which were tender to pressure. Later, the thumb and index fingers of the right hand and the 
index finger of the left began to tingle and were hypersensitive to pain. These symptoms 
had progressed to the point where he was no longer! able to work, although he felt well other- 
wise, except for nocturia two or three times, present for many years. 

He had had hypertension since 1945, at which time the systolic pressure was 208 mm. Hg. 
On questioning, he recalled that he had noted small split-pea-sized, yellowish papules on his 
knees for several years and felt that these had appeared and disappeared several times during 
that time. 

His employment as a barbershop porter included the daily use of small quantities of carbon 
tetrachloride to remove polish from shoes. He had also been in contact with other shoepolish 
solvents. Formerly a moderate drinker, he had taken no alcohol for two years. Two sisters 
were in good health and had no xanthomas. 


From the Department of Internal Medicine, The Wichita Clinic. 

1. Movitt, E. R.; Gerstl, B.; Sherwood, F., and Epstein, C. C.: Essential Lipemia, 
Arch. Int. Med. 87:79-96 (Jan.) 1951. 

2. Wolfson, W. Q.; Cohn, C.; Levine, R.; Rosenberg, E. F., and Hunt, H. D.: Liver 
Function and Serum Protein Structure in Gout, Ann. Int. Med. 30:598-614, 1949. 
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Physical examination on March 15, 1951, showed a well-developed, moderately obese Negro 
man. There were smooth, shiny-topped yellow papules, 1 to 3 mm. in diameter, over the knees 
and adjacent anterior parts of the shins and thighs, surrounded by a narrow pigmented halo. 
Examination of the eyes showed no evidence of lipemia retinalis, but widening of the venous 
reflex stripe was seen. Results of examination of the heart, lungs, and abdomen were normal. 
A neurologic examination showed blunting of sensation to light touch and pinprick in the tips of 
the fingers of both hands, the toes of both feet, the sole of the right foot, and the right ankle. 
Achilles tendon pain was reduced on the left. The deep reflexes were normal in the upper 
extremities. The right knee and ankle jerks were 4+. The left knee and ankle jerks were 
normal. Babinski reflexes were not present. Position sense and gait were normal. The 
results of the remainder of the neurologic examination were normal. 

The day following this examination pain, induration, and swelling in the Achilles tendon 
developed and the following day acute arthritis of the right elbow appeared. 

Laboratory data at this time were as follows: The urine had a specific gravity of 1.020, a 
1+ reaction for albumin, and normal sediment. The red blood cell count was 4,600,000 and the 


Fig. 1—Electrocardiograms taken before treatment with corticotropin, at the end of treat- 
ment, and two months following treatment. At no time did the patient present clinical evi- 
dence of heart disease. 


white blood cell count 4,500 per cubic millimeter, with a normal differential count. The hemo- 
globin concentration was 14 gm. per 100 cc. The sedimentation rate (Wintrobe) was 31 mm. in 
one hour. Total cholesterol measured 832 mg. per 100 cc. The spinal fluid was normal. Gastric 
analysis revealed the presence of free hydrochloric acid. The total van den Bergh reaction was 
0.7 mg. per 100 c¢.; the direct reaction was negative and the indirect 0.7 mg. per 100 cc. The test 
with sulfobromophthalein (bromsulphalein®) sodium (in a dose of 5 mg. per kilogram of 
body weight) showed “a small amount of color not readable because of turbidity of serum.” 
Serum urea nitrogen was 15 mg.; serum uric acid, 7.5 mg., and total serum protein, 7.0 gm., 
with 4.2 gm. of albumin and 2.8 gm. of globulin, per 100 cc. The thymol turbidity was 3.0 units. 
The reaction for urinary urobilinogen and porphobilinogen, cephalin-cholesterol flocculation, 
and the blood Kolmer test were negative. Total serum lipids (Motta) were 3,500 mg., total 
cholesterol (Bloor), 736 mg., and cholesterol ester (Bloor), 480 mg., per 100 cc. 


The fasting serum was creamy in appearance and remained so throughout the period of this 
study. Roentgenograms of the chest showed atheromatous changes in the aorta. Roentgeno- 
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grams of the left knee and os calcis were normal. Serial electrocardiograms are shown in 
Figure 1. Subsequent blood chemical determinations are presented in the chart (Fig. 2). 

At this time administration of colchicine was started in doses of 1/100 grain (0.6 mg.) 
hourly for 16 doses, after which the patient experienced nausea, mild diarrhea, and marked 
but partial relief of pain in the right elbow and Achilles tendon. The neuritic pain and hyper- 
esthesia persisted, and there was no change in the abnormal knee and ankle reflexes. At that 
time corticotropin (ACTH) therapy was started in a dose of 20 mg. every six hours, for a total 
dosage of 560 mg. After the first day of therapy, the pain and swelling in the elbow and 
Achilles tendon had completely disappeared. By the third day, the deep reflexes had become 
normal and the patient had experienced marked subjective relief of his neuritic pains. At the 
end of one week of therapy, the hands were normal subjectively and objectively, and the feet 
were normal objectively, although he still complained of a mild numbness in the heels. He was 
then placed on a low-fat diet and given colchicine 1/100 grain three times a day daily. When 
seen one month later, he stated that he had returned to work and felt only slight numbness in 
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Fig. 2.—Effect of corticotropin on serum uri¢ acid, total cholesterol, totai lipids, and 
phospholipids. 


the heels. The xanthomas had decreased in size, and many of the smaller lesions had disap- 
peared. He has had no further contact with carbon tetrachloride. When seen two months later, 
all xanthomas had disappeared and he felt completely well. The blood pressure was 180/104. 
Total lipids measured 3,700 mg., total cholesterol 360 mg., cholesterol ester 160 mg., serum 
phospholipids 29.2 mg., and serum uric acid 8.5 mg. per 100 cc. 


COMMENT 


It seemed evident in retrospect that the patient had had attacks of acute gout for 
four years, with several attacks in large joints, which had subsided spontaneously. 
It also seemed, from the history of the existence of xanthomas for a period of years, 
that lipemia had been present for a considerable time. The peripheral neuritis was of 
less than one year’s duration but had tended to coincide with a period of increasing 
frequency of gouty symptoms. 
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That these three clinical entities were related seemed possible from the following 
observations: A high-fat diet, ketosis, and fasting are all known to incite gouty 
attacks in susceptible persons. Hench * observed that a high-fat, low-protein, low- 
carbohydrate diet produced a rise in blood uric acid and a decrease in uric acid 
excretion and that an attack of gout occurred within several days. Wolfson * has 
observed that 24 hours before the onset of the gouty attack the serum cholesterol 
value may reach maximal levels. Withdrawal of corticotropin therapy in a gouty 
patient observed by Wolfson resulted in a sudden return of severe articular symp- 
toms, accompanied with loss of appetite, a consequent presumed rise in endogenous 
fat metabolism due to starvation, and a rapid rise in the serum uric acid levels. 
Among the changes produced by corticotropin therapy in gouty persons are relief of 
gouty pain and inflammation, increased urate excretion, and a fall in the true urate 
level as measured by the uricase method.° 

The relationship between lipemia and peripheral neuritis is less clear. Sirek and 
associates ° have correlated the occurrence and extent of diabetic neuropathy with 
the degree of lipemia encountered, especially noting relative elevation of phospholipid 
and total lipid. While carbon tetrachloride, a poison and fat solvent to which the 
patient had some exposure, may cause both lipemia and peripheral neuritis, there 
appeared to be in this case no evidence of accompanying liver or kidney damage to 
bear out a diagnosis of carbon tetrachloride poisoning. The spectacular reversal of 
the neurologic signs and symptoms accompanying the rapid improvement in the 
blood lipids suggests that in this patient these two conditions were fundamentally 
related. It is of interest that Wintrobe ’* has suggested a possible relationship between 
the neurologic changes in pernicious anemia and a disturbance in lipid metabolism 
in that disease, based on observations of Kirk * on alterations in phospholipid in 
relapse and after treatment. 

The use of corticotropin in this case was observed with interest. It was expected 
that the gouty symptoms would subside because of the many published reports to this 
effect. The evidence for the influence of corticotropin on serum lipids is less clear. 
Conn and Vogel ® reported in normal men a fall in the ester fraction of cholesterol 


3. Hench, P. S.: Diagnosis of Gout and Gouty Arthritis, J. Lab. & Clin. Med. 22:48-55, 
1936. 

4. Wolfson, W. Q., and Cohn, C.: Uric Acid Metabolism and Gout, in Proceedings of the 
First Clinical ACTH Conference, edited by J. R. Mote, Philadelphia, The Blakiston Company, 
1950, pp. 241-283. 

5. Robinson, W. D.; Conn, J. W.; Block, W. D., and Louis, L. H.: Role of the Adrenal 
Cortex in Urate Metabolism and in Gout, Proc. Central Soc. Clin. Res. 21:23-24, 1948. 
Spies, T. D., and Stone, R. E.: Relief of the Symptoms of Acute Gout and Rheumatoid 
Arthritis by Means of Pituitary Adrenocorticotrophic Hormone (ACTH), South. M. J. 
42:720-722, 1949. 

6. Sirek, O. V.; Bonkalo, A., and MOllerstrém, J.: Blood Lipid Fractions and Diabetic 
Neuritis, Arch. Int. Med. 85:966-971 (June) 1950. 

7. Wintrobe, M. M.: Clinical Hematology, ed. 2, Philadelphia, Lea & Febiger, 1946, 
p. 416. 

8. Kirk, E.: The Concentration of the Individual Phosphatides (Lecithin, Kephalin 
Ether-Insoluble Phosphatide) and of Cerebrosides in Plasma and Red Blood Cells in Pernicious 
Anemia Before and During Liver Treatment, Am. J. M. Sc. 196:648-654, 1938. 

9. Conn, J. W., and Vogel, W. C.: Effects of Prolonged Adrenal Cortical Stimulation 
upon Free and Esterified Serum Cholesterol in Normal Men, J. Clin. Endocrinol. 9:656-657, 
1949. 
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on the second day of corticotropin therapy, becoming sharper on the third day, and 
accompanied with a fall in free cholesterol to as much as 28% below base line. Upon 
cessation of corticotropin therapy, prompt rebound of free cholesterol to normal 
levels occurred. Adlersberg, Schaefer, and Drachman '° observed a slight decrease 
in serum cholesterol during the first 6 to 15 days of corticotropin therapy, no uniform 
effect on serum phospholipid, but a most conspicuous drop in serum neutral fat, 
averaging —46%. In 7 of the 17 cases studied, the neutral fat showed a tendency 
to return toward control values, even though corticotropin therapy was continued. 
Kinsell and co-workers,'' noted the marked effect of corticotropin in depressing 
ketonemia of fasting and postulated as one explanation for this a change in the 
metabolic pathways of fatty acids in such a way as largely to eliminate ketogenesis. 
Farnsworth ** and others demonstrated a striking fall in serum cholesterol in 
nephrosis, preceding by many days improvement in the serum albumin. On the other 
hand, Adlersberg and colleagues ** noted a rise in serum cholesterol levels above 
normal in patients receiving prolonged corticotropin treatment for collagen diseases 
and leukemia. In this case the mechanism of corticotropin action on cholesterol may 
be quite different in site from that encountered in essential lipemia and in nephrosis, 
in which there is presun.ably a defective production or disposal of the lipids. 

The electrocardiographic changes are of interest, but as yet their significance is 
not clear. At no time has the patient exhibited signs or symptoms of cardiac disease 
other than his hypertension, which has seemed to be well tolerated for at least five 
years. The possibility cannot be dismissed that (1) the myocardium, as well as the 
peripheral nerves and the blood lipids, were damaged by a single exogenous toxin 
(? carbon tetrachloride), or that (2) the metabolic defect responsible for the gout, 
the peripheral neuritis, and the lipemia also affected the repolarization activity of the 
myocardium. 

The. association and apparent close relationship of two well-defined inborn 
metabolic errors, gout and essential lipemia, call to mind the occasional occurrence 
of gout in association with alkaptonuria, in which there appears to be perversion of 
a metabolic step in amino acid metabolism.’* The hope is raised that these associa- 
tions may provide a clue to the basic metabolic defect in these diseases and the reason 
for their apparent common modification by corticotropin therapy. 


CONCLUSIONS AND SUMMARY 


The occurrence in a single person of at least three distinct metabolic diseases, 
essential lipemia, acute gout, and peripheral neuritis, and a probable fourth feature 
of distinct myocardial abnormality, suggests that they may have a common cause 


10. Adlersberg, D.; Schaefer, L. E., and Drachman, S. R.: Studies on Hormonal Control 
of Serum Lipid Partition in Man, J. Clin. Endocrinol. 11:67-83, 1951. 

11. Kinsell, L.; Margen, S.; Michaels, G.; Reiss, R.; Frantz, R., and Carbone, J.: The 
Effects of ACTH, of Cortisone, and of Other Steroid Compounds upon Fat Metabolism in 
Diabetic and Non-Diabetic Human Subjects, J. Clin. Endocrinol. 10:815, 1950. 

12. Farnsworth, E. B.: Studies on the Influence of Adrenocorticotrophin in Acute Nephritis, 
in Simple Nephrosis, and in Nephrosis with Azotemia, in Proceedings of the First Clinical 
ACTH Conference, edited by J. R. Mote, Philadelphia, The Blakiston Company, 1950, 
pp. 297-317. 

13, Adlersberg, D.; Schaefer, L., and Drachman, S. R.: Development of Hypercholes- 
teremia During Cortisone and ACTH Therapy, J. A. M. A. 144:909-914 (Nov. 11) 1950. 

14. Leslie, A.: Alkaptonuria with Hyperuricemia, Arch. Int Med. 71:68-77 (Jan.) 1943. 
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or be dependent upon each other. It is thought that the known effects of blood lipid 
changes on clinical gout are exaggerated when hyperlipemia exists, and that both 
uric acid and abnormal lipid metabolism are influenced in the direction of normality 
by corticotropin. The coexistence of peripheral neuritis and lipemia is perhaps com- 
parable to diabetic neuritis, which is said to be correlated with a blood lipid disturb- 
ance. The rapid relief of signs of peripheral neuritis coincident with improvement in 
serum lipid values further supports this relationship. It is suggested that each of 
these diseases may in certain instances have a final common pathway. 

A case of probable essential lipemia associated with acute gout, peripheral neu- 
ritis, and myocardia! changes is presented. 

The probable metabolic interrelationship of these diseases is discussed. 

The response of many features of this syndrome to corticotropin therapy is 
presented. 
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F THE theme of this sixteenth annual review of syphilis, covering the 

period July 1, 1950, to July 1, 1951, could be summed up by a single state- 
ment, it might read, “The syphilologist may be dying, but syphilis is not.”? The 
passing of the diagnosis and management of syphilis from the hands of a few, 
usually dermatologists, to physicians in general is more apparent now than it has 
been in the past. Of course, this trend has not happened overnight, since evidence 
of loss of interest in syphilis by dermatologists was noted early in the penicil- 
lin era.? 

The return of syphilis diagnosis and treatment to the masses of physicians 
carries with it an obligation of which the practitioner may well be cognizant.* 
His attitude cannot be that expressed by a physician in a recent cartoon in Modern 
Medicine: “I am going to give you penicillin for five days. If there is no improve- 
ment, then we’ll do a physical examination,” but rather, just as in the arsenical 
era, he must make careful examination before therapy and must carry out pro- 
longed post-treatment follow-up study and case finding if the best interests of the 
patient and the public health are to be served. 

As was noted in the fifteenth annual review,‘ the advances made during the 
period embraced by the present compilation have been unspectacular. The work 
on life cycles of spirochetes by DeLamater and his group at the University of 
Pennsylvania is being continued, but no definitive conclusions have been reached 


Dr. Reynolds and Dr. Guthe are with the World Health Organization. 

From the University of Pennsylvania, Departments of Dermatology and Syphilology, School 
of Medicine, Donald M. Pillsbury, M. D., Professor; the Graduate School of Medicine, Herman 
Beerman, M.D., Chairman, and the Institute for the Study of Venereal Disease, John H. Stokes, 
M. D., Director. 
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to date. Scott’s investigation of hyaluronidase in syphilis likewise has been 
extended. Perhaps the most noteworthy work of the year is the intensive study at 
Johns Hopkins University of corticotropin (ACTH) and cortisone in treatment 
of syphilis and of eye inflammation. Others, too, have worked with these prep- 
arations. Investigations of experimental syphilis, except for the cortisone and 
corticotropin studies, have covered the same ground as in the recent past. In 
serology studies have proceeded as in the previous review period. No new drugs 
have been introduced, but a concrete scheme of treatment for the various phases 
of syphilis, acceptable for the most part to all, has been proposed by a nation-wide 
committee. This outline of dosages is of inestimable value to the practitioner. 
Syphilis control is well covered in a paper by Moore, of Johns Hopkins Uni- 
versity. This critical evaluation of public health measures for the control of 
syphilis must be read by all physicians who treat syphilis. 

Certain good sources of information about the various phases of syphilis have 
appeared during this review period. Crawford’s ° comprehensive review on syph- 
ilis includes a discussion of public health control measures, experimental studies, 
serologic problems, diagnosis, and penicillin treatment. Two hundred two refer- 
ences document the data. The proceedings of an international symposium on 
syphilis held in Paris, France, Sept. 25 to Oct. 7, 1950, have been published in 
various sources, including La prophylaxie antevénérienne, the October, Novem- 
ber, and December, 1950, issues, and a private edition.° These contain a clear, 
authoritative outline of many phases of the syphilis problem. The more important 
details will be considered later. Essentially the same material (in English) with 
a detailed discussion was presented in Helsinki, Finland, Sept. 4 to 10, 1950.’ 
Hermans’ * illustrated review of the treponematoses, as well as Frazier’s® short 
practical summary of the present status of congenital syphilis for the Massachu- 
setts Department of Public Health, is worthy of reference. The papers presented 
at the Symposium on Recent Advances in the Study of Venereal Diseases, held 
in Washington, D. C., April 24 and 25, 1951, cover a wide range of topics. The 
full reports are in process of publication. 

Aside from the smaller reviews, a variety of new books has been published 
during this review period. For example, in the area of penicillin treatment two 
volumes have been added to the growing literature. Fleming,’® the dis- 
coverer of penicillin, has edited the second, improved edition of “Penicillin: Its 
Practical Applications.” Beyer’s'! book is concise and well documented and 
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describes in some detail the pharmacological basis of penicillin therapy. Kahn,'* 
in a well-written monograph, details information on serology of syphilis which is an 
outgrowth of practical experience of more than 25 years. In addition to the 
author’s procedures (especially the universal serologic reaction **), a goodly por- 
tion of the text deals with the broad aspects of serologic study with lipid antigen. 
In a new monograph, Kahn" represents his concept of the universal serologic 
reaction. The material is detailed 

not with a view to its routine employment in medical laboratories at this time, but to 
open the door to studies of its value and limitations as a serologic indicator in various situations 
in health and in different diseases. 


Schindler’s '® text on gastroscopy contains a good presentation of the gastroscopic 
findings in syphilis. Willcox ** has written a textbook of venereal diseases, and 
the fourth edition of McLachlan’s '’ handbook has appeared. 


HISTORY OF SYPHILIS 


The history of syphilis is dealt with from several angles in the literature of 
the present review period, including the general problem, personalities such as 
Ehrlich, the role of syphilis in literature and the history of humanity and medicine, 
and the unsuccessful attempt at biologic therapy in the middle of the last century. 

Lees,’* of Manchester, England, presents a provocative review of problems of 
syphilis from the historical and modern standpoints. In another paper '® he dis- 
cusses the progress of venereology in the past 25 years under the following heads: 
choice of venereology as a career; venereology as an indepedent specialty ; organ- 
ization of venereology in the national health service ; military venereal disease serv- 
ices; prevention of venereal disease, and future of venereal disease as a specialty. 
This discussion proceeds along conventional lines. 

The recent appearance of two volumes on Paul Ehrlich indicates the growing 
appreciation of the influence of this scientist on modern syphilology. The first 
volume by Loewe *° is a sympathetic study, and the other, covering Ehrlich’s 
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entire life, was written by Miss Marquardt,** Ehrlich’s personal secretary from 
1902 to 1915, the time of his death. Harrison’s ** review of this book is a personal 
but critical analysis. 

Syphilis and the Humanities—Syphilis has long been known to affect human 
progress in various directions. Reevaluations of this force have appeared 
recently. Rille,** for example, has studied the role of syphilis in literature. Nadel ** 
has remarked on the influence of syphilis in the history of humanity and concludes 
that “Der Geist der Menschheit wird Syphilis frei sein, oder er wird nicht sein.” 
The reaction of the church, state, and medical profession to syphilis in the Middle 
Ages in Germany is described by Janson.** Lacassagne ** has traced the history 
of slang words for syphilis used in Europe from the nineteenth century to the 
present. Until the second half of the nineteenth century there appears to have 
been no popular distinction made among the several venereal infections (syphilis, 
gonorrhea, and chancroid). The first reference to syphilis in slang seems to 
have been baude (cf. baudy), le maladie de Naples. Other seventeenth-century 
expressions were poivré and Aller en Suéde or Aller en Baviére (the latter terms 
referring to treatment centers). An unusual expression, Lasi-Loff, appeared in 
the nineteenth century, and later this term gave way to Nazi (an underworld 
expression that seems to have anticipated Hitler’s influence), with still later varia- 
tions, such as étre naziqué, le nazbroque, and naze, the last still commonly used. 
The terms chaude-lance, castapiane, and schtouilue refer to gonorrhea. There are 
in addition certain more general phrases. (aquigé, attiger, fadé, arrangé, rangé, 
and daubé) which refer to a sick person, and by popular extension more especially 
to one suffering from or responsible for a venereal disease. 

Historical Aspects of Therapy by Syphilization—Erichsen*" describes the 
syphilization epoch which was initiated in Norway by Wilhelm Boeck in 1852 
and persisted until 1875 to 1880. This designation signifies a “vaccination against 
syphilis” according to its originator, the Frenchman, Auzias-Turenne (1812-1870). 
When a person was exposed to a sufficient number of inoculations of “syphilitic 
matter,” the organism developed a “syphilitic saturation,” which he believed had 
a therapeutic effect. The basic principle of this remarkable therapy was the unitary 
theory, i. e., that both chancroid and syphilitic chancre were due to the same 
infection. Auzias-Turenne claimed in 1844 that he had succeeded in transferring 
chancres to both apes and cats. Others had failed, he said, because they had 
inoculated sites where the animals could lick themselves. Auzias-Turenne inocu- 
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lated the animals behind the ears and obtained positive results which could be 
transferred further. As the chancres were transferred continuously on the same 
ape, the reactions grew weaker. Finally there was no reaction at all, and he 
assumed that the ape had become immune to the “syphilis poison” and it was 
“syphilized.” Boeck was an antimercurialist and emphasized the harmful effects 
of mercury. He regarded the syphilization method as not allowable for prophy- 
laxis and contraindicated in primary syphilis and nonindurated chancres. It was 
justified only in secondary syphilis, as in such cases it could not harm the patient. 
The course of inoculations took three to five months. Syphilization was an 
attempt at an active biologic therapy. It went to its grave with Wilhelm Boeck. 


TREPONEMA PALLIDUM AND OTHER TREPONEMES 


Better understanding of the morphology and biology of the treponemes is being 
evolved through sustained interest in this problem by several groups of workers, 
including that headed by DeLamater, whose initial efforts in this connection were 
mentioned in last year’s review.* In addition to study of the life cycle, attention 
has been directed toward cultural needs for certain spirochetes and new staining 
methods for this group of organisms. 

Life Cycle of Treponemes.—Levaditi and Vaisman ** still maintain that there 
is a life cycle for Treponema pallidum which includes oscillation of successive stages 
between the ultramicroscopic and the spiral forms. The work of the University 
of Pennsylvania group will be given in some detail. 

Pathogenic Nichols Strain: DeLamater, Wiggall, and Haanes ** conclude from 
a series of observations with the phase-contrast microscope on the ocurrence of a 
complex life cycle in the pathogenic T. pallidum as it exists in the syphilitic rabbit 
testis that there are two means of vegetative reproduction: transverse division and 
production of gemmae, or buds. Interpretations of the structures noted were 
based, in part, on analogies drawn between these organisms and saprophytic tre- 
ponemes and on successive observations of the same preparations over periods of 
hours or even days. Spirochetes were readily visualized by phase—contrast 
microscopy as characteristically spiral organisms. Most of the organisms appeared 
to be coiled as a spiral, with a round transverse cross section. However, some, 
when they rotated, appeared to be flat, and the characteristic undulation appeared 
to be only a wave which went from one end of the organism to the other. Trans- 
verse division of spirochetes, followed from its inception to its termination, 
appeared to follow the same sequence described for saprophytes. An organism 
about to divide bent rapidly at one point, forming a sharp angle on itself, then 
lashed back and forth, always bending at this point, until a break appeared in the 
continuity of the spirochetal body. After a short period of rest, a new motion 
was begun, in which the two parts began to rotate in opposite directions, literally 
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twisting themselves apart. As with saprophytic forms, it appeared likely that the 
terminal filament originated by this process of pulling apart and stretching of the 
periplast. Ona small percentage of organisms, bodies comparable with the gemmae 
described as originating in saprophytes were seen to develop. They occurred at 
any point along the spirochetal body in both intercalary and terminal positions 
and were sessile or stipitate, single or multiple. The gemmae separated from the 
parent spirochete, forming unispirochetal cysts. In each cyst a single spirochete 
developed and later emerged. The extremely short spirochetal forms occasionally 
observed appeared to be products of progressive transverse division. Several 
instances of peculiar branching and straight forms were observed which were 
often in direct continuity with spiral segments. It has not been determined 
whether these were artifacts or actually part of the organism. Changes in activity 
of the organisms in the preparations used for study were observed in 9 to 12 hours, 
when actively motile spirochetes came together in pairs and complex clusters. 
Large spherical bodies were often seen lying free in the medium. Each appeared 
to be surrounded by a delicate well and contained delicate fibrils and filaments. 
These are interpreted as being multispirochetal cysts, and it is suggested that they 
are derived from the bodies that occur as complex aggregates of organisms. In a 
manner comparable with that seen in the emergence of organisms from multispiro- 
chetal cysts in saprophytic forms, twisted cords or ropes of organisms were seen 
to emerge from such multispirochetal bodies. After emergence, the organisms 
underwent transverse division and gemmae formation, and so reproduced vege- 
tatively. Observations on stained material from rabbit testes confirmed those made 
on phase-contrast microscopy and added evidence that a complex life cycle occurs 
in the pathogenic, as well as the saprophytic, forms of T. pallidum. It is difficult 
without illustrations to describe what the authors have seen. Those interested in 
the life cycle of T. pallidum are urged to read the original article, which contains 
numerous excellent photographs of the various stages. 

Nonpathogenic Nichols Strain: DeLamater, Haanes, and Wiggall *° present 
their observations the forms seen in culture of the nonpathogenic Nichols strain of 
T. pallidum. The organisms were grown in thioglycollate medium containing 
10% acetic fluid. Preparations of the organism were observed daily for as long 
as 30 days by means of phase-contrast microscopy. In addition to transverse 
fission (vegetative reproduction), the formation of granules or budding forms in 
which a single spirochete developed was observed. Large multispirochetal cysts 
were studied, and a few of their developmental stages noted. 

In another study this group *' compares the growth of the Nichols nonpatho- 
genic T. pallidum as it occurs in the embryonated egg and in Brewer’s thioglycol- 
late medium. The organisms grown in the egg are smaller, both in transverse 
and in longitudinal dimensions; they appear to be more actively motile, and, 
although larger than pathogenic T. pallidum, they tend to approach the morphology 
of this organism more closely when they grow in the egg than when they grow in 
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culture. Numerous organisms are found to produce gemmae, or buds, when 
grown in eggs. Multispirochetal cysts were not observed in the embryonated egg 
material. Similar observations on the Kazan nonpathogenic T. pallidum indicate 
a close relationship between the two organisms. 

Kazan Nonpathogenic T. Pallidum in Culture: DelLamater and his associates ** 
in a seventh report describe the complex life cycle of the Kazan strain. A com- 
parable cycle was also observed in another nonpathogenic spirochete strain 
( Nichols ). 

Summary: In the eighth paper in this series is a summary of the current 
studies on the problem of the life cycles of spirochetes by the University of Penn- 
sylvania group of investigators.** 

Treponema Pertenue: Morphology by Phase-Contrast Microscopy.—Normal 
morphologic appearances of Treponema pertenue on phase-contrast microscopy are 
described by Loughlin, Joseph, and Schaeffer.“ A Winkel-Zeiss phase-contrast 
microscope, with the 90 X condenser phase ring and 90 X oil-immersion phase 
objective, was used for this study. 

Bejel: Treponeme and Experimental Infection—In two papers Rizk and his 
co-workers from Beirut, Lebanon,** report studies on the treponeme presumed to 
cause nonvenereal syphilis, or bejel. As viewed by dark-field illumination, the 
morphology and motility of these organisms seem to be identical with those of 
T. pallidum. They also react to stains in the same ways as T. pallidum does. 
Rabbits were found to be susceptible to infection by the treponemes of bejel. The 
strain was propagated over six successive passages by intratesticular inoculation. 
Lesions can be produced at the sites of inoculation in the epididymis and testis, and 
infection is always accompanied with positive Kahn and Wassermann reactions. 
Of 32 rabbits inoculated intratesticularly, 30 exhibited nodules in the inoculated 
organs. Twenty-five were positive for treponemes. Thirty-one of this group had 
positive Kahn and Wassermann reactions after inoculation. In none of these 
rabbits did a chancre in which treponemes could be demonstrated develop at the 
site of inoculation. Generalization was not noted. Only two of seven rabbits 
inoculated intracutaneously displayed papules with slight scaling in which trep- 
onemes could not be demonstrated. In four of these Kahn and Wassermann reac- 
tions became positive. Two rabbits inoculated in the anterior chamber of the eye 
showed no lesion, and their Kahn and Kolmer reactions remained negative. The 
clinical course and serologic pattern of this infection in rabbits follow the same 
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general pattern as infection with other treponemes. The authors do not feel that 
their data allow the definite inclusion of experimental bejel of the rabbit into the 
framework of either experimental syphilis or yaws. 

Spirochetes: Culture Media.—Steinman and Eagle ** continued their work with 
the Reiter treponeme. 

Growth of Reiter Strain of T. Pallidum in Chick Embryo.—The Reiter strain 
of T. pallidum was cultivated by Beardmore *’ in embryos of paraffin-coated 
hen’s eggs. 

Laboratory Investigation: Dehydrogenase Activity of Suspensions of the 
Reiter Spirochete——The dehydrogenase activity of washed suspensions of the 
Reiter spirochete was investigated by Bucca and his colleagues,** using the dye- 
reduction technique. 

Preservation of Nichols Strain of T. Pallidum.—There is some evidence in the 
literature that, unlike most bacteria and viruses, the spirochetes are not amenable 
to preservation by desiccation in vacuo from the frozen state. However, in 1947, 
Hampp demonstrated that by appropriate methods Borrelia vincentii and cul- 
tured strains of alleged T. pallidum could be successfully preserved by the freeze- 
drying process. Since that time, all pure-stock strains of oral spirochetes, 
including the smaller oral treponemes, have been maintained in this laboratory by 
this process. The success encountered with these spirochetes prompted the investi- 
gation of the possibility of this technique, or some modification of the method, 
being applicable to the virulent Nichols rabbit strain of T. pallidum. Hampp * 
devised a method which has been used with success for preservation of viability 


and pathogenicity of the virulent Nichols rabbit strain of T. pallidum when dried 
in vacuo from the frozen state. 


T. Pallidum: Morphology and Staining Characteristics—In an extremely 
interesting and comprehensive review of the problem of staining T. pallidum, 
Campbell and Rosahn *° present a new technique for staining the organism in 
tissues. This new procedure is a modification of the silver technique and allows 
the observer to view the spirochetes and atypical forms as densely stained blue- 
black bodies against a colorless background. This clearing of the background 
allows most of the atypical forms to be photographed with relative ease. It is 
also possible by this technique to counterstain with hematoxylin, thus permitting 
simultaneous study of the histologic features of the tissue. Full details of the 
technique are supplied by the authors. 
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Development of a New Stain for Spirochetes—DeLamater, Haanes, and 
Wiggall ** describe a modification of the Fontana technique in which the prepara- 
tion is treated with tannic acid, then exposed to a solution of carbol-methyl violet 
(methylrosaniline chloride). The procedure is simple enough to be used easily 
in class and laboratory teaching and demonstration, giving consistently good 
results. It is excellent for study of mouth spirochetes and of blood films. 


Miscellaneous Studies.—Kleinschmidt *? concluded that vital staining of T. 
pallidum is of no value in the diagnosis of syphilis. Demmler ** described a new 
capillary pipette for collecting and transporting spirochete-containing material. 
Leifson ** shows illustrations of Borrelia novyi stained by his method and the 
Giemsa stain. The former discloses numerous flagella. He has also demonstrated 
flagella on T. pallidum by his method.** 


EXPERIMENTAL SYPHILIS 


Further study along the same lines as were reported in the previous review 
engaged the attention of 1950-1951 syphilis investigators (hyaluronidase, factors 
affecting the course of experimental syphilis, and experimental syphilis therapy). 
The effect of cortisone and corticotropin in experimental syphilis is the newest 
direction of study. As was noted in previous reviews, much of the experimental 
work concerns therapy and should be read in connection with the clinical aspects 
of treatment. 

Factors Influencing the Course of Experimental Syphilis in the Rabbit and the 
Mouse.—Role of Portal of Entrance in the Transmission of Syphilis (Mouse) : 
According to Vaisman,** to infect a mouse with syphilis by the subcutaneous route 
(the most frequently used) requires a large number of spirochetes. If one uses the 
cutaneous or intravaginal route, the number of organisms needed is much less. 
This difference is probably due to local destruction of a certain amount of the virus 
before it reaches the proper sites of election. This is not the case in the superficial 
layers of the skin and certain mucosae. 

Effects of Sex, Castration, and Testosterone Administration upon Susceptibility 
of Rabbits to Experimental Syphilis: Magnuson, Rosenau, and Greenberg *’ 
designed quantitative experiments to measure the effects of sex, castration, and 
testosterone dosage upon experimental syphilis in the rabbit. The incubation period 
of primary lesions is shorter in the male than in the female, suggesting either that 
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the division time of the organism is shortened or that the local reaction to the organ- 
ism is heightened in the male. On the other hand, the higher rate of lesion develop- 
ment in the female suggests that the female may be more susceptible to the infection. 
Castration in either sex prolongs the incubation period and increases the animals’ 
resistance to infection. Administration of testosterone exhibits a paradoxical effect, 
since increasing doses shorten the incubation period and increase the susceptibility 
of the male. In the female the effects are less acute, but in the castrated female large 
doses prolong the incubation period and increase the animal’s resistance to infection. 
The data suggest that testosterone must interact with other factors, presumably 
hormonal in nature, to produce its observed effects on the course of experimental 
syphilis. 

Cortisone in Experimental Syphilis (Rabbit): In an important study by Turner 
and Hollander,** of Johns Hopkins University, 32 rabbits with intradermal syphi- 
lomas and 4 with intratesticular lesions were given 1.5 to 3.0 mg. of cortisone per 
kilogram of body weight twice daily. There were 14 control animals in the study. 
When cortisone was given to rabbits with typical erythematous, indurated dermal 
syphilomas, the lesions within 48 hours became slightly smaller, pale, soft, and 
spongy and were filled with a tenacious mucoid material which has been tentatively 
identified as hyaluronic acid. If cortisone was administered for 15 to 25 days, the 
surface of the lesions ruptured, with extrusion of the mucoid material. Dark-field 
examination of this material showed actively motile T. pallidum in considerably 
larger numbers than were found in control lesions. It was demonstrated that these 
treponemes were virulent. When cortisone treatment was discontinued, a “rebound” 
phenomenon occurred within two to seven days which was characterized by the 
reappearance of erythema and induration and the rapid enlargement of the lesions 
to a size much greater than that of the controls. Spontaneous resolution of the 
lesions eventually occurred, as in the controls. Essentially the same changes as those 
described above were noted in testicular syphilomas under the influence of cortisone. 
Sections of lesions from animals treated with cortisone showed large, well-demar- 
cated areas of poorly staining material with relatively few cells. This was in con- 
trast to control lesions, which showed the usual intense mononuclear-cell infiltration, 
interspersed with small amounts of this acellular material. When cortisone therapy 
was withdrawn, there was a return to the usual histologic picture. The treponemes 
in the lesions of cortisone-treated animals were susceptible to the action of penicillin ; 
however, in the cortisone-treated animals large numbers of dead treponemes were 
present 24 and 48 hours after penicillin therapy, while in the controls no spirochetes 
were seen after 24 hours. In discussing their paper, the authors stated : 

The familiar picture of the evolution of experimental syphilis in the rabbit is a product of the 
complex interaction of spirochete and host. Under the influence of cortisone this interaction 
is sufficiently altered to produce in a sense a dissociation of parasite and host. The ordinary 
response of the host to large numbers of treponemes is partially suppressed, while at the same 
time treponemes are multiplying in an unrestrained manner. 

Determination of 1) the source of the hyaluronic acid which accumulates in excessive amounts 
along with the multiplication of T. pallidum; 2) the influence of cortisone on the hyaluronic 
acid-chondroitin system; and 3) the relationship of these changes to the development of Wasser- 
mann reagin should prove to be fruitful fields of investigation. 
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From a practical point of view, until more is known about the effect of cortisone on the host- 
parasite relationship in syphilis it would seem unwise to give the drug to patients with this 
disease. A “rebound” phenomenon in man could be particularly dangerous, for example in 
syphilitic involvement of the coronary arteries. 


Influence of Irradiation and Penicillin on Experimental Syphilis Transmission 
(Rabbit) : Laboratory studies in experimental syphilis in rabbits have demonstrated 
that T. pallidum becomes avirulent and will not transmit syphilis when present in 
blood kept under blood-bank conditions for 96 hours, or when in plasma processed 
to the dried state. Under these conditions blood from donors with syphilis should 
be acceptable for use. The hazard of transfusion syphilis may, therefore, be mini- 
mized by the routine processing of blood or blood products. However, the danger 
still exists in emergency transfusions with freshly drawn blood from syphilitic 
donors. There is danger of transmitting syphilis with fresh blood from donors in 
any stage of the disease, but the greatest danger is during the preclinical serologically 
negative stage of the infection. Transfusion syphilis has been reported from a donor 
in the incubation period and from serologically negative donors with primary lesions 
which were undiscovered at the time of transfusion. T. pallidum has been observed 
in the blood of rabbits within five minutes following testicular inoculation. Preven- 
tion of transfusion syphilis when freshly drawn blood is used would require the use 
of a sterilizing agent, treponemicidal drug, or possibly irradiation. The use of 
trivalent organic arsenicals as treponemicidal drugs has been effective but has met 
with little acceptance. Probey,*’ therefore, set out, using a previously employed 
procedure, to test the efficiency of penicillin and of ultraviolet irradiation as trepo- 
nemicidal agents for the prevention of transfusion experimental syphilis in rabbits. 
He found that transmission of experimental syphilis in rabbits by transfusion was 
not prevented by previous exposure of whole blood containing virulent T. pallidum 
to ultraviolet irradiation, using the Oppenheimer-Levinson quartz-chamber appa- 
ratus, or to crystalline penicillin G in large quantity, added one hour before trans- 
fusion. 

Immunization (Rabbit) : Gelperin *° was unable to protect rabbits against syph- 
ilis by immunization with Reiter’s spirochete. 

Effect of Cholesterol on Infectiousness of Blood in Experimental Rabbit Syph- 
ilis: Frazier, Bensel, and Keuper*' found, during experimental production of 
vascular syphilis in the rabbit, that the blood of rabbits inoculated with the Nichols 
strain of T. pallidum remained infectious for long periods in the life of the animal. 
They then investigated the effect of cholesterol on the infectivity of the blood of 
42 rabbits. Before inoculation 20 animals were fed daily for 119 days with 100 gm. 
of purina® rabbit food in the form of pellets coated with 0.5 gm. of cholesterol mixed 
with cottonseed oil. Subsequently, they were fed the same amount of pellets with- 
out addition of cholesterol. The remaining 22 rabbits were fed 100 gm. of pellets a 
day for the duration of the experiment. Of 42 rabbits infected with the Nichols 
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strain of T. pallidum, the blood of 19 was found infectious on transfer to normal 
rabbits 154 to 930 days after inoculation. In 11 rabbits infection had been con- 
tinuously latent for more than 335 days. Blood of five animals in which the disease 
had been latent for two years or longer transmitted the infection. Positive transfers 
were about equally distributed between the group of animals fed cholesterol and 
the group not fed cholesterol. However, no animal fed cholesterol was found to 
have infectious blood longer than 608 days after inoculation. 

Metachromasia in Syphilitic Orchitis and Its Relationship to Hyaluronic Acid 
(Rabbit): Scott and Dammin * restudied the histopathology of syphilitic orchitis 
in the rabbit in an attempt to determine the factor or factors responsible for the 
increased susceptibility of the testis to infection with T. pallidum. The essentially 
interstitial character of the infection in the testis was confirmed. Involvement of 
the seminiferous tubules was secondary to that of the supporting ground substance. 
The earliest microscopic changes and the most striking characteristic of the infection 
throughout the first 40 days after inoculation were an alteration of the connective 
tissue toward that of the “embryonal” type. This embryonal connective tissue 
appeared first in the tunics, especially those surrounding the blood vessels of the 
hilum, subsequently involved the interlobular septa, and finally affected the inter- 
tubular supporting framework, resulting in compression of the seminiferous tubules. 
Infiltration by mononuclear cells, initially perivascular in location and later more 
diffusely distributed, represented a less distinctive pattern of involvement. Study of 
silver-stained sections demonstrated a pronounced tendency for the localization of 
spirochetes in embryonal connective tissue, in contrast to their relative absence in 
areas showing predominantly cellular infiltration. In tissue sections stained with 
toluidine blue or with thionine, connective tissue of the embryonal type character- 
istically stained metachromatically. This phenomenon of metachromasia was either 
prevented or strikingly diminished by exposure of tissue sections to testicular 
hyaluronidase prior to staining with these dyes. The prevention of metachromasia 
by hyaluronidase indicates that the change in the growth substance, characteristic 
of syphilitic infection in the testis, is referable to the production of hyaluronic acid 
and/or a related mucopolysaccharide, possibly chondroitin sulfate. The relation- 
ship of hyaluronic acid or related mucopolysaccharides to spirochetal proliferation 
and their possible use in culture media for T. pallidum, were suggested. The authors 
postulated a hyaluronidase-like spirochetal enzyme to account for the invasiveness 
and tissue selectivity of T. pallidum. 

Gland Transfer (Rabbit): At the Venereal Disease Research Laboratory, 
United States Public Health Service, Atlanta, syphilitic rabbits were treated by 
McLeod and Arnold ** with a subcurative dose of penicillin at intervals of 3 to 12 
months after infection. Six months after the completion of therapy the rabbits were 
killed, and gland transfers were implanted in a long, narrow subcutaneous scrotal 
pocket, while others were inoculated into the testis. In the rabbits with syphilis of 
three months’ duration, the results of the gland transfers were the same with both 
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53. McLeod, C. P., and Arnold, R. C.: A Comparison of 2 Methods of Gland Transfer in 
Experimental Syphilis, J. Ven. Dis. Inform. 32:96-99 (April) 1951. 





BEERMAN ET AL—SYPHILIS 321 


techniques. But in the rabbits with syphilis of 5 to 12 months’ duration, the scrotal 
implants gave 14 positive transfers in 18, and the testicular injection gave only 3 
positive transfers in 18. McLeod and Arnold believed their results suggest that the 
scrotal tissue is a more favorable site for the multiplication of T. pallidum than the 
testis. 

Late Syphilis: Isolation of T. Pallidum by Means of Animal Inoculation —Many 
previous attempts have been made to isolate T. pallidum from body fluids of patients 
with late or latent syphilis, but only occasional successful inoculations have been 
reported. However, Calkins and his co-workers,"‘ at Johns Hopkins University, 
reasoned that it could be anticipated that T. pallidum could be isolated from visceral 
organs of patients with late or latent syphilis, and that this procedure has rarely 
been accomplished, perhaps because of the relative inaccessibility of these organs 
in the human being. 

Experimental Therapeutics: Effect of Schedule on the Therapeutic Effect of 
Penicillin in Bacterial Infection —Eagle, Fleischman, and Musselman * in a pre- 
vious report showed that when syphilitic rabbits were treated with penicillin in 
aqueous solution the total curative dose was strikingly reduced if the drug was 
administered in multiple injections instead of being given in a single massive dose 
or in a few large doses. The interval between injections was also of major impor- 
tance in determining the therapeutic outcome. From studies on mice experimentally 
infected with Diplococcus pneumoniae and beta hemolytic streptococci and on rabbits 
infected with beta hemolytic streptococci, data were obtained which, according to 
the authors, “reinforce the thesis that the major determinant factor in the thera- 
peutic activity in penicillin is the aggregate time, not necessarily continuous, for 


which the drug remains at bactericidal levels.” The median curative dose (C. D.5.) 
values of penicillin and the times for which these C. D.,,’s provided serum concen- 
trations in excess of the minimal effective concentrations were calculated. Experi- 
ments on the effect of single versus multiple injections of penicillin revealed that 


In every such experiment, with all the bacterial species tested, regardless of the route of 
inoculation or the time of treatment relative to inoculation, the curative dose of penicillin was 
many times greater when the drug was given in a single injection than when given in divided 
doses. 


As the time between injections was increased, the curative dose decreased to a 
minimum, then again increased. Explanations given are as follows: 1. As the 
intervals between injections were increased, the total time during which penicillin 
remained at effective levels was increased. During the penicillin-free intervals, the 
host defenses continued to dispose of organisms damaged by penicillin. 2. When 
the intervals between injections were too long, the organisms recovered from the 
effects of penicillin and resumed multiplication. Further experiments demonstrated 
that in a given infection the curative doses of penicillin provided effective serum 
concentrations of penicillin for essentially the same period. The initial rate of bac- 
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tericidal action was independent of the penicillin dosage, provided that the penicillin 
level in the serum and tissue fluids was in excess of the maximally effective concen- 
tration. Thus, large doses of penicillin were more effective than small doses, pri- 
marily because of the longer time during which they provided an effective 
concentration. In discussion, the authors pointed out that adequate dosage with 
penicillin has at least two parameters: (1) the concentration attained at the focus 
of infection and (2) the total time for which that concentration is provided. 
A complete review of the subject of schedules of antibiotic administration is avail- 
able in an editorial in The Journal of the American Medical Association.™ 
Discovery of a Lot of Penicillin G with an Unusually High Potency.—Previous 
experiments with crystalline penicillin G have shown the C. D.,, to be between 1,450 
and 1,600 units per kilogram of body weight of the animal. However, an unusually 
potent lot was found by Arnold and Thayer *’ with a C. D.,, of 115 units per kilo- 
gram of body weight. This variation in the potency of crystalline penicillins may 
have influenced the therapeutic results in various experimental and clinical studies. 
Bismuth Penicillin in Treatment of Acute Syphilitic Orchitis of Rabbits —In 
view of the demonstration by Monash ** that the administration of a number of 
insoluble salts of penicillin resulted in high blood levels in rabbits, and the observa- 
tions of Kolmer and Rule and others of synergistic and additive effects of penicillin 
and various other spirocheticides, Monash and Kolmer * thought it advisable to 
study the curative action of bismuth penicillin, a combination of two synergistic 
or additive spirocheticidal substances, in acute syphilitic orchitis in rabbits. They 
found that this preparation, suspended in sesame oil with 2% aluminum mono- 
stearate, was approximately twice as curative as penicillin G suspended in peanut 
oil and white wax. Levaditi and Vaisman © administered to one series of rabbits 
with syphilitic skin lesions 16,000 units of aqueous penicillin per kilogram of body 
weight in eight injections in the course of two days. In another series 1 mg. of oil- 
soluble bismuth per kilogram of body weight was given intramuscularly. A third 
series of syphilitic rabbits received both penicillin and bismuth in the same dosage 
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and over the same period. The simultaneous administration of these subtherapeutic 
doses of penicillin and bismuth resulted in pronounced synergistic effects. When 
administered separately they did not prevent recurrences and did not exert a 
profound sterilizing effect, but when the drugs were administered simultaneously 
recurrences were prevented and sterilization was effected. 

Relative Effectiveness of Penicillin in Treatment of Early and Latent Syphilis 
in Rabbits—Arnold and McLeod ® treated rabbits a variable period after infection 
with syphilis. Those with early syphilis were treated 30 days after infection, and 
those with latent syphilis, between 4 and 12 months after infection. The treatment 
consisted of a total of 115 units of sodium salt of crystalline penicillin G per kilo- 
gram of body weight divided into 24 doses which were injected intramuscularly at 
four-hour intervals. Animals showing no evidence of clinical relapse were killed 
four months after treatment, and gland transfers were made of each animal. The 
animals receiving the gland transfers were observed for at least 100 days. In the 
group of rabbits with early syphilis there were 24% cures, but in those with latent 
syphilis there were 70% cures. This suggests that patients with latent syphilis 
may actually need less penicillin treatment than patients with early syphilis. 

Four Antigens Found in Reiter’s Strain of T. Pallidum—Human syphilitic 
serums and rabbit and guinea-pig Reiter antiserums were tested by D’Alessandro 
and co-workers * against the Reiter strain of T. pallidum and its chemical fractions. 
Four different antigens were found in Reiter’s T. pallidum. They were (1) a 
Treponema-specific antigen of a proteic nature which may be an expression of the 
activity of the infection; (2) a Treponema-specific antigen of a polysaccharidic 
nature, which reacts only with rabbit antiserum; (3) an alcoholic extract, a lipid, 
which stimulates the formation of reagin; (4) “a peculiar antigen . . . which is 
identical or similar to the organ-specific antigen of the brain.” 

Cortisone and Corticotropin Therapy of Experimental Ocular Inflammation.— 
In a study that may have a bearing on interstitial keratitis, Woods and Wood 
found that cortisone and corticotropin injected parenterally have a profound effect 
on the inflammatory phase of the hypersensitive reaction, blocking the inflammation 
and exudation which occur in the ocular protein anaphylactic reaction secondary to 
bacterial allergy and in the focal reaction in tuberculous eyes. Cortisone and cortico- 
tropin block effectively the inflammatory reaction in the eye produced by glycerin 
and jequirity infusion. Cortisone injected locally in the anterior chamber has an 
immediate but temporary effect in blocking the inflammatory phase of the protein 
anaphylactic reaction in the eye and the inflammatory reaction secondary to the 
anterior chamber injection of glycerin and jequirity. The accumulated clinical and 
experimental evidence of the effect of cortisone on ocular inflammation suggests that 
it may be due to a direct action on the local mesenchymal tissue. For additional 
data on these preparations, see section on treatment of interstitial keratitis. 
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IMMUNITY IN SYPHILIS 


There has been little of note published during this review period on immunity 
in syphilis. In the most worthy study of this problem Arnold and his colleagues * 
attempted experimentally to determine the immunity in treated syphilitic rabbits 
with early or late syphilis after varying periods following treatment. They treated 
rabbits who had acute syphilis of 6 to 11 weeks’ duration with 14,400 units of peni- 
cillin G sodium per kilogram of body weight given intramuscularly in 48 doses, two 
hours apart. When challenged 10 days later, 27% of the animals displayed new 
chancres, and 73% had asymptomatic reinfections proved by positive gland-transfer 
studies. Another group of animals with syphilis of the same duration, treated in a 
like manner, were challenged six months later. None of the rabbits had a new 
chancre ; 36% acquired asymptomatic infections, and 64% were immune. If human 
and rabbit syphilis are similar, the increase of immunity during the six-month post- 
treatment period would explain the high incidence of reinfection during the early 
post-treatment period as compared with later periods. Animals with latent syphilis 
of eight months’ duration were treated with penicillin in the same manner as those 
with acute syphilis. Ten days later their immunity was challenged. None exhibited 
a chancre ; 53% had asymptomatic reinfections, and 47% were immune. A similar 
group with latent syphilis of eight months’ duration were treated and then chal- 
lenged six months later. Fifty-seven per cent had symptomless reinfection. Six 
months after the spirochete challenge, the animals were retreated. Then, six 
months later, they were given the second post-treatment challenge. This time 31% 
had a symptomless reinfection, in contrast to the 57% after the first challenge. 

A detailed 3-year study was made of the 16 animals that survived this experiment. 
During this time the latent syphilitic animals, after adequate treatment, were given two spiro- 
chetal challenges 1 year apart. The results are summarized [in the accompanying table]: 


Immunity Reaction of Sixteen Animals That Survived Prolonged Study of Latent Syphilis* 








Type of Immunity Reaction 


Both challenges Immune protection 

First challenge Freedom from infection 

Second challenge Symptomless infection due to decreasing immunity 

First challenge Symptomless infection 

Seeond challenge Freedom from infection because degree of immunity was enhanced by 
the second reaction 

Both challenges Symptomless infection: inadequate immunity 


* This table was modified from that of Arnold and others. 


PROGNOSIS OF SYPHILIS 
The ravages of syphilis, as reflected by mortality studies and long-term follow-up 
investigations, have received some attention this year, but little new information has 
resulted from this effort. We cite two reports in the field of prognosis of syphilis.* 
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Effect of Syphilis on Longevity in the Nonwhite Person.—According to Mar- 
tin,** the average future lifetime of the nonwhite male in Georgia at birth 
is shortened by 0.82 of a year and that of the nonwhite female by 0.56 of a 
year through the presence of syphilis. Also, nonwhite males in Georgia forfeited 
on an average per year, for the period 1939-1941, approximately 8,000 potential 
years of life to syphilis, and females lost about 6,000 potential years of life per year 
for the same period. These conclusions are based on actuarial tables. 

Late Manifestations of Early Syphilis: Patients Followed 29 to 36 Years.— 
Nielsen *” made follow-up studies on 467 men who had been admitted to the Uni- 
versity Clinic of Dermato-Venereology, Ringshospital, Copenhagen, Denmark, 
between 1913 and 1920 for treatment of primary or secondary syphilis. Fifty-nine 
(12.6%) of the group had 70 complications. There were 5 instances of “benign” 
syphilis; 17 instances of cardiovascular syphilis; 8 examples of syphilis of organs 
of special sense (7 eye and 1 ear), and 40 of various types of neurosyphilis (11% 
of the patients had multiple complications). This study has the advantage over 
other similar studies in that from the beginning of the investigation it was not neces- 
sary to leave out a smaller or larger number of patients included in the original 
group. No correction was made for the usual mortality among the patients, since the 
sole object of the study was to establish the frequency of late syphilis. 


DIAGNOSIS OF SYPHILIS 

Advancements in diagnosis of syphilis in this review period have been rather 
unspectacular. Further investigation of luetin and skin tests; two books on the uni- 
versal serologic reaction, previously mentioned ; further trial of cardiolipin antigen, 
and a concerted effort to evaluate a rapid simple test for diagnosis of syphilis cover 
the chief directions of study during 1950-1951. Among the less important pro- 
cedures studied in a preliminary way are Wassermann tests on cantharides fluid © 
and use of the thymol test as it is employed in patients with hepatic disease.®" 

Luetin and Other Skin Tests——Although it would appear that the luetin test, 
however performed, is of relatively little value, papers continue to appear on its 
usefulness. It is considered somewhat more specific than the Wassermann test by 
Csonka,** who found that among 155 patients tested the “luotest” appeared to give 
4 false-negative and 7 false-positive results as against 7 false-negative and 25 false- 
positive Wassermann reactions. On the other hand, Kaufmann and Wolfram ® 
found that tests made from 1945 to 1949 on 770 patients with syphilis in all stages 
and 200 nonsyphilitic patients (with skin diseases) indicate that positive repeat 
inoculations in patients with skin disease can occur. One is dealing with cutaneous 
sensitivity. The provocative effect of the “luotest” on the blood reactions is not 
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great. These authors do not believe the test is of great value in the diagnosis of 
syphilis. 

In their study, Marshak and Rothman “ employed a purified suspension of T. 
pallidum (Nichols stain) obtained from rabbit syphilomas for skin testing of 30 
patients who either were normal or presented various types of syphilis, early and 
late. They found that both the clinical and the histologic features of this reaction 
are characteristic of the tuberculin type of allergic skin reaction. They obtained 
negative results in nonsyphilitic persons and in patients with early syphilis, but 
positive results in patients with tertiary and with prenatal syphilis. The fact that 
the positive reactions obtained with the spirochetal antigen were tuberculin-type 
reactions was thought to favor the assumption that there exists a true specific allergy 
in syphilis which develops in the tertiary period and is present in late prenatal 
syphilis. Although Marshak and Rothman state that their results are preliminary, 
they are interesting. However, we can hardly accept their conclusion about the 
absence of allergy in early syphilis. Urbach and Beerman* have adduced ample 
evidence for the belief that secondary syphilis combines manifestations of both active 
disease and allergy. So-called malignant syphilis, or precocious tertiarism, which 
is marked by violent local manifestations in the form of severe and partly destruc- 
tive cutaneous and visceral lesions, is attributed by most authorities, including 
Stokes, Beerman, and Ingraham," to the unusual allergic behavior of the tissues of 
these patients. 

SERODIAGNOSIS 


Passage of a year has not lessened the unknown in the serology of syphilis. In 


fact, so poignant are the problems that summary statements have appeared from 
several parts of the world, including the World Health Organization,” Italy,” 
Germany,”* France,"* Sweden,’ and the United States."* The statements of Rein 
and of Storck, presented in extenso at the International Conference on Syphilis, in 
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Paris, Sept. 27 to Oct. 7, 1950, summarize the present status of serology so com- 
pletely that short outlines of these presentations are appended. 

Storck ™ briefly discusses the mechanism of antibody formation in syphilis, the 
importance of antibodies as indicators of immunity, and their measured detection in 
a patient’s serum. The fact is again stressed that there does not necessarily exist 
any direct relationship between the state of immunity and the serologic pattern 
with lipidic antigens at a given moment throughout the syphilitic infection. Review- 
ing techniques and possible explanations of phenomena relative to the various sero- 
reactions (complement-fixation and flocculation tests), the quantitative relations of 
antigens to antibodies are discussed. In the author’s own series of 3,590 serums the 
cardiolipin antigen proved to be more sensitive and more specific than other antigens. 
Citing some of the pertinent literature, he discusses the “false-positive” reactions, 
and their probable elimination through Nelson’s “immobilization test” and Neu- 
rath’s “englobulin test” as the desired goal is mentioned. On the occasion of an 
international serologic meeting it would be desirable to certify the most sensitive 
and most specific complement-fixation—and flocculation—tests. It would also be 
useful to indicate the best ones as international standard. Rein” believes that 
modern serodiagnostic tests for syphilis, employing purified antigens, are extremely 
valuable to the physician in establishing or excluding the presence of a syphilitic 
infection. With improvement in techniques and materials employed, the specificity 
and sensitivity of the serodiagnostic procedures have been appreciably increased. 
There are certain limitations (false-negative and false-positive reactions) inherent 
in the currently employed tests. The physician must be aware of these limitations, 
for otherwise serious errors of omission and commission will be made. There is a 
great need for the development of a procedure which will consistently differentiate 
between true and false positive reactions. 

Congenital Syphilis: Diagnosis by Serologic Testing of Newborn Infants.— 
Bundesen and Aron ™ state that the majority of nonsyphilitic infants born of syph- 
ilitic mothers show positive blood reactions for syphilis because of passive transfer 
of maternal reagin. The titer of the infant’s blood is low, usually lower than the 
mother’s. It declines spontaneously until negative, usually within 90 days and 
remains negative permanently. In infants who were infected and successfully treated 
in utero by penicillin given to the mother during the last month of pregnancy, the 
titer of the blood at birth is higher than the mother’s. Roentgen examination of 
the long bones reveals healing osteochondritis and/or periostitis. In these children 
also the blood reaction becomes and remains negative, and they need no further 
treatment. Syphilitic infants often have negative blood reactions at birth. The 
reactions may remain negative for 4 to 12 weeks, but then the titer rises pre- 
cipitously, Roentgenograms may reveal definite evidence of congenital syphilis 
while the Kahn test still gives negative reactions. Biologic false-positive reactions 
to the tests for syphilis have been found in older infants after smallpox vaccination, 
whooping cough immunization, diphtheria immunization, and infection with chicken- 
pox. Here the titer remains low (2 to 4 units), and after a variable period the 
reactions become and remain negative. 
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Serologic Tests in Pregnancy.—In 1944 a system of wholesale serologic exami- 
nations for syphilis during pregnancy was started in Bergen, Norway. Idsge and 
Vogelsang *° gave an account of the results obtained by this system in the five-year 
period, 1944 to 1948. Four thousand nine hundred sixty-one pregnant women 
were examined. In the same period there were 10,647 confinements in Bergen. 
About 10,000 women were confined in hospitals where serologic tests for syphilis 
were also undertaken. These examinations led to the discovery of syphilis in 44 
women (8.9 per thousand). As a result of this system, 35 healthy children were 
born and have been kept under observation for periods up to three years. 

New Tests——The goal in serodiagnosis seems to have shifted from the search 
for a sensitive specific test to one which has as its chief features rapidity and 
simplicity. Among these less complicated procedures mentioned in the recent litera- 
ture are the Spicca test,** the Rappaport-Eichhorn test,** the “Behringwerke” test,** 
the “chromotest” rapid reaction for syphilis,** the filter paper microscopic (FPM) 
test for syphilis,*° and the Chediak reaction,*® which was also discussed in the pre- 
vious review.* We shall detail only several of these procedures in this report. 


1. “Chromotest” Rapid Reaction: Fischer ** believes that the usefulness of a 
rapid reaction in syphilis diagnosis for mass examinations depends not only on its 
specific efficacy but also on the amount of time and material and the quantity of 
blood required ; only methods feasible with finger blood are useful, as venepuncture 
is too complicated for mass examinations. Dahr’s modification of Chediak’s dry 
blood reaction largely fulfills the requirements and has proved excellent in large 
series. The reaction, however, requires about two hours. Hoschek’s rapid reaction 
with the colored citochol extract can be read with fresh blood within five minutes 
and is superior to the usual serologic methods with respect to simplicity and rapidity. 
This reaction can be carried out with fresh blood, active or inactive serum, clotted 
blood, or citrated blood and uses as antigen a colored citochol extract marketed as 
“chromotest-A (Kall).” Active serum was used routinely, since preliminary studies 
had shown that there are no differences in the results with inactivated or active 
serum. No studies of the rapid test with citrated and clotted blood were undertaken 
because the other serologic reactions do not furnish reliable results for comparison 
with these materials. Owing to the necessity for controls and comparisons, the 
rapid test will serve the practitioner only for preliminary orientation and will have 
to be controlled by the established serologic methods. The “chromotest” fresh blood 
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reaction has the disadvantage that the required amount of 0.1 cc. of blood has to 
be withdrawn with a pipette, so that on mass examinations rapid cleansing and 
preparation of enough pipettes become difficult. This difficulty is avoided with the 
Chediak method in which a drop of blood is simply left to dry on the slide. Large 
series have the additional disadvantage that the reaction must be completed immedi- 
ately, while with the Chediak reaction reading can be done at a different time and 
in a different place. Therefore, the Chediak reaction seems preferable for mass 
studies, although it is technically more complicated and requires more time. For 
the laboratory, however, the “chromotest” reaction with fresh blood or serum rep- 
resents a welcome supplement to the serologic methods as a rapid and simple 
procedure. 

2. Filter Paper Microscopic (FPM) Test: Harris and Olansky ** report on 
a study in which blood specimens from 266 donors were examined at five different 
standard laboratories. At each laboratory the FPM test was done on each specimen, 
along with several other standard serologic tests for syphilis. In every instance the 
FPM test was less sensitive than the other tests. However, there was no evidence 
that it caused false-positive reactions. Thus, it is a useful procedure when a vene- 
puncture cannot be done but a few drops of blood may be easily procured by sticking 
the finger. 

3. Chediak Test: Although the prototype of the FPM test, the Chediak test 
has not met with too much enthusiasm in the current studies. In experience with 
more than 25,000 cases, Uri ** felt that the Chediak test should be used only as a 
mass-diagnostic procedure, chiefly because venepuncture is avoided. It is not ade- 


quate for diagnosing syphilis, but can be used as a control. Schlirf*’ declared 
the Chediak procedure outright to be unreliable. Jahnel ** states that a complete 
serologic investigation of blood and cerebrospinal fluid for syphilis cannot be 
replaced by a so-called rapid test (Chediak) performed by the physician as an office 
procedure. Serologic tests for syphilis should continue to be performed by experts 


in large centers. 

4. Kahn Test with Dried Serum: Roulin ** studied the Kahn test with serum 
dried on filter paper. He felt that his results were satisfactory and especially useful 
in regions where there are transportation difficulties. 

5. Price’s Modification of the Wassermann Reaction: Price’s *° test is essen- 
tially a screening procedure. The details are best appreciated by study of the original 
article. This technique is adaptable to sera and cerebrospinal fluid and may be 
adapted to the diagnosis of gonorrhea. 

6. An Abbreviated Complement-Fixation Method: As a means of eliminating 
unnecessary work when it is desirable to submit large numbers of sera to both 
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flocculation and complement-fixation tests, Colquhoun * outlines a system of per- 
forming both types of tests which is time- and fatigue-saving and has yielded 
excellent results over a long period. This is partially accomplished by incorporation 
of antigen and complement in a single reagent mixture. 

7. Quantitative Complement-Fixation Test: Titration of Syphilitic Sera Using 
Fifty per Cent Hemolysis as the Unit: A quantitative complement-fixation test 
employing the unit of 50% hemolysis is described by Stein.*? He claims that the 
test proved to be highly sensitive, specific, and relatively simple to carry out. It 
recommends itself to careful studies in syphilitic therapy, since the efficacy of anti- 
biotics may be better established by precise determinations of antibody levels at 
various stages of treatment. 

Effects of Concentration of Sera on the Serologic Tests for Syphilis —Breazeale 
and Pierce ® studied the relative effects of concentration of sera by dialysis and 
evaporation. They feel their data shows that the active ingredient in any seroactive 
serum is some normal constituent that has become dominant due to an actual 
increase in that element or a decrease in some other portion. 

Frozen Syphilitic Serum for Use as a Reference Serum.—At the Michigan 
Department of Health, Division of Laboratories, syphilitic serum was kept by Kurtz 
and Hill ** for seven years in a frozen state and showed a highly uniform degree of 
constancy. This technique is suggested as a satisfactory method for preparation of 
a stable reference serum in relation to the standardization of different lots of Kahn 
antigen. 

Cardiolipin Antigen.—There seems to be some further debate in the literature 
regarding the usefulness of cardiolipin antigen in many serologic tests (Kahn, Kline, 
citochol, Meinicke, complement-fixation, etc.) by numerous authors.** Pangborn,** 
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the originator of cardiolipin antigen, discussed the problems of this antigen and 
made pertinent suggestions for the preparation of a uniform product. Faure 
admits that, although the preparation and use of cardiolipin and the lecithins have 
not yet reached a final stage, the generalized use of these purified phosphatides in 
place of complex extracts would aid considerably attempts to standardize the syphi- 
litic antigens. Schmidt,®* of Copenhagen, thought it might be possible to develop a 
mixture of the relatively pure cardiolipin and lecithin which could be dispensed by 
weight, thus obviating the time-consuming adjustment experiments required with 
unpurified antigens. After a trial with various combinations on 1,332 blood samples 
subjected to five tests, Schmidt could not determine the optimum combination. 

Biologic False-Positive Reactions.—Studies on the biologic false-positive reac- 
tions are of particular interest to the internist, since they complicate the diagnostic 
effort in many cases. The recent discussions include the interpretation of the sero- 
logic reactions in infective endocarditis ®; use of cardiolipin antigen in leprosy *°°; 
provocation of the Wassermann test by intravenous alcohol injections **'; lupus 
erythematosus,’°? and the universal serologic reaction.’ Of these the outstanding 
studies involve the serologic and chemical aspects in lupus erythematosus and the 
universal serologic reaction in rabbit syphilis. 

Lupus Erythematosus: Serologic and Chemical Aspects: Rein and Kostant *° 
made a study of the incidence of biologic false-positive serologic tests for syphilis in 
lupus erythematosus. In a review of the literature, they found the reported incidence 
varying from 0 to 44%. Of a total of 178 sera obtained from 176 patients with 
lupus erythematosus, 35% gave positive serologic reactions with one or more of 
the tests employed. Ninety-two of the 178 serum specimens were from patients 
seen in the Skin and Cancer Unit of the New York University Hospital. Figures 
are given for the incidence of false-positive serologic reactions in the various types 
of lupus in the latter group. Of the persons with chronic localized discoid lupus 
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erythematosus, 15% had false-positive serologic reactions for syphilis; of those 
with chronic disseminated discoid lupus erythematosus, 18% had false-positive 
reactions, and of those with subacute disseminated lupus erythematosus, 36% gave 
a positive reaction. The high incidence of false-positive serologic reactions in those 
persons with clinical diagnoses of chronic localized discoid lupus erythematosus 
suggested to the authors that some systemic disturbance occurs even when the 
visible changes are localized to limited areas of the skin. 

Universal Serologic Reaction in Rabbit Syphilis: In a well-conceived study, 
Curtis and his co-workers 1°** obtained universal serologic reactions (Kahn) in 
rabbits before and during infection with syphilis and after penicillin therapy. One 
group of rabbits was inoculated intratesticularly with a testicular emulsion of syphi- 
litic rabbits. Another group of rabbits was inoculated intratesticularly with an 
emulsion of brain from mice which had been previously injected with a testicular 
emulsion of syphilitic rabbits. All rabbits thus inoculated became infected with 
syphilis. It was observed that each of the normal rabbits before inoculation gave a 
universal reaction of an individual serologic pattern. All showed precipitation after 
4 and 24 hours’ incubation at cold temperature. Most of the animals showed little 
or no precipitation without incubation ; these gave negative standard Kahn reactions. 
A few showed considerable precipitation also without incubation ; these gave quan- 
titative Kahn reactions of low titer. The universal reaction two weeks after inocula- 
tion showed a relatively small increase in precipitation over the normal level; a 
further increase 29 days after inoculation and a marked increase 82 days after 
inoculation were noted; at that time the Kahn units ranged from 80 to 320. After 
penicillin therapy, the universal reaction of the rabbits reverted to approximately 
the original serologic pattern. In most instances, this reversal was noted in about 
six weeks after therapy. In one instance, a serologic relapse was noted at a later 
date. Without therapy no complete reversal of the universal reaction to the original 
serologic pattern was observed in about nine months after inoculation, although 
partial reversal of the reactions was noted during that interval, indicated by a reduc- 
tion in precipitation. The authors believed the data indicate that the specific sero- 
diagnostic reaction in syphilis is the result of an intensified universal reaction which 
develops specific characteristics in the presence of syphilis. The nonspecific sero- 
diagnostic reactions given by some of the rabbits before inoculation were apparently 
the result of natural universal reactions of relatively high intensity, so high as to 
reach the serodiagnostic zone. 

Treponemal Immobilization Test—Nelson and Mayer’s treponemal immobiliza- 
tion test has now had ample use to stimulate review of its present status in Cana- 
dian *** and French *” journals. Further studies involve attempts to increase the 
sensitivity of the test, the relation of treponemal antibody to probable biologic false- 
positive reactions, the immunological relationships among species and strains of 
virulent treponemes as determined by this test, and the relationship between 
immobilizing and spirocheticidal antibodies against T. pallidum. 
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Thompson and Magnuson’ studied the effects of varying complement and 
serum concentration on the sensitivity and specificity of the immobilization test. 
Their data show that the sensitivity may be materially improved by increasing the 
concentrations of serum and complement without sacrificing specificity. Neverthe- 
less, a small proportion of patients (2%) with secondary syphilis are still immobil- 
ization negative. The immobilization test has been made more sensitive by 
increasing the final concentration of guinea-pig serum from 5.6 to 22.2%. There 
is a suggestion that the immobilization test may be made still more sensitive by 
increasing the final concentration of patient serum from 11.1 to 22.2% simul- 
taneously with an increase in the complement concentration. The authors concluded 
that the immobilization technique may offer an important tool for the research 
laboratory in the investigation of problems of immunity in syphilis and in the study 
of the biologic false-positive serologic reaction for syphilis. However, the reliability 
and significance of the test need further evaluation. 

Nelson and Diesendruck have demonstrated that in experimental animals trepo- 
nemal-immobilizing antibody occurs regularly in animals infected with organisms of 
the treponeme group (T. pallidum; T. pertenue; Treponema cuniculi), but not in 
animals infected with cultured nonvirulent spirochetes (Reiter or Kazan strains 
purported to be T. pallidum) or S-26 mouth spirochetes, or in animals inoculated 
with Leptospira icterohaemorrhagiae or Borrelia novyi. The treponemal immobil- 
ization test was performed by Mohr and his co-workers '” on 126 sera of patients 
with treated late syphilis. The treponemal immobilization test gave positive results 
in 96.8% of this group. The test yielded positive results in 76.3% of 67 patients 
with diagnoses of probable latent syphilis. In a group of 63 patients with a diagnosis 
of probable biologic false-positive reactions, the treponemal immobilization test gave 
11% positive reactions. The authors concluded that the treponemal-immobilizing 
antibody is highly specific in the treponematoses, especially syphilis. If treatment 
was deferred until late in the course of syphilis, treponemal antibody in most 
instances appeared to persist indefinitely, even though reagin may disappear. Nega- 
tive treponemal immobilization reactions were obtained in 24% of patients who in 
the best judgment of the authors probably had late syphilis and in 89% of those 
classified as biologic false-positive reactors. This suggests that many persons have 
erroneous diagnoses and treatment for syphilis on the basis of present serologic 
standards. 

Kahn and his colleagues *°* have employed the Nelson and Mayer treponemal- 
immobilization test to study the immunological relationships among strains of trepo- 
nemes (those causing syphilis, yaws, and venereal spirochetosis of rabbits, and four 
strains of T. pallidum). There was significant cross sensitivity among strains of 
T. pertenue, T. cuniculi, and the Nichols strain of T. pallidum. Sera from rabbits 
infected with four strains of T. pallidum demonstrated some cross reactivity between 
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each of them and the Nichols strain of T. pallidum. There was an absence of 
immobilizing activity against T. pallidum, T. pertenue, and T. cuniculi in 
sera from rabbits immunized with Reiter, Kazan, and S-26 strains of nonvirulent, 
cultivatable spirochetes. Quantitative titrations of immobilizing antibody in sera 
from rabbits infected with T. pallidum, T. pertenue, or T. cuniculi were performed 
with homologous and heterologous species of treponemes. Although there was cross 
reactivity, a definite antigenic difference exists between T. cuniculi on the one hand 
and T. pertenue and T. pallidum on the other. Similarly, there was a high cross 
reactivity between two strains of T. pertenue and the Nichols strain of T. pallidum. 
There was no significant difference between the reciprocal homologous and heter- 
ologous immobilizing titers of three of four strains of T. pallidum. 

Thompson, Greenberg, and Magnuson *° note that there is a corresponding loss 
of infectiousness of virulent T. pallidum (Nichols strain) as it is rendered nonmotile 
by the immobilizing antibody. This relationship is not directly proportional and 
suggests that infectiousness may be lost slightly before motility ceases. This non- 
infectiousness may be due to some alteration in T. pallidum, rendering it incapable of 
reproducing in vivo, or it may be that T. pallidum is so altered as to render it more 
susceptible to the natural immune mechanisms of the host. A period of in vitro 
incubation is necessary to demonstrate immobilization and reduction of infectious- 
ness. This suggests either that the initial antigen-antibody reaction was not immedi- 
ate or that the antigen-antibody complex dissociated in vivo. For both the in vitro 
demonstration of immobilization and the in vivo demonstration of loss of infectious- 
ness, syphilitic serum in adequate concentration and active complement are required. 


CEREBROSPINAL FLUID 


Cisternal (Suboccipital) Puncture —There has been a revival of interest in sub- 
occipital puncture for obtaining cerebrospinal fluid for study. Spiegel **° has long 
made a case for this technique in the American literature, but many syphilologists 
feared the dangers of the procedure. These dangers are minimized by Gabriel,™™ 
who had few untoward consequences in an experience of about 5,000 suboccipital 
punctures. He found the technique relatively easy. Dickel *'* reaffirmed the old 
observation that lumbar and cisternal punctures were of equal value for diagnosis 
in syphilology. An outstanding and comprehensive study of this problem is that of 
Cecil and Johnwick."** At the United States Public Health Service Medical Center, 
Hot Springs National Park, Ark., they report that the routine performance of 
cisternal puncture for examination of cerebrospinal fluid was adopted in April, 1945, 
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and discontinued in April, 1950. During this time 44,711 cisternal punctures were 
performed by eight operators. This technique was adopted to improve the follow-up 
study of patients with neurosyphilis. After lumbar puncture approximately 25% 
of patients had severe to moderately severe headaches lasting one to three days, 
while after cisternal puncture only 0.26% had any ill effect whatsoever. This is 
shown in a sample follow-up report on 250 patients after each procedure. With 
cisternal puncture there were a 71% follow-up and a yearly total re-treatment rate 
of 8.5%; the ratio of repunctures to re-treatments was 23.5:1. With lumbar 
puncture there were a 28% follow-up and a yearly total re-treatment rate of 7.1%, 
and the ratio of repunctures to re-treatments was 15.4: 1. However, during the five 
years of experience with cisternal puncture, there were four deaths among the 44,711 
patients. These four fatal reactions were distributed, one each, among four experi- 
enced examiners. Detailed case histories showed that the deaths were due to rup- 
ture of a blood vessel by the puncture needle. The four fatal reactions were 
apparently unavoidable, and there could be no modification which would prevent 
a similar reaction in the future. At the Medical Center 19,833 lumbar punctures 
have been performed without a single fatality. The cisternal puncture technique 
was dropped because, even though it resulted in a re-treatment rate in treated 
neurosyphilis of 6% in one year, instead of the 2% with lumbar puncture, it has a 
fatality rate of 1 in 11,000. 

Laboratory Examination of Spinal Fluid: Necessity of Examination by More 
Than One Laboratory with Divided Specimens.—Between 1941 and 1948 Koch ™* 
subjected 6,107 specimens of spinal fluid to the Kolmer test by both the Laboratory 
of the San Francisco Department of Public Health and the Laboratory of the 
California State Department of Public Health. Of these, the reactions of 183 
specimens, or 17.6% of all those with positive reactions, were reported positive 
by one laboratory and negative by the other. Among the 183 patients with conflicting 
test results, these were the first tests performed for 94 (51%) and thus were of 
crucial value in alerting suspicion of the likelihood of neurosyphilis. It is estimated 
that in 48 patients the diagnosis of neurosyphilis was made because their spinal 
fluid specimens were examined by two laboratories. Thus, approximately one-half, 
or 24 patients, had their neurosyphilis diagnosed only as a result of divided spinal 
fluid examinations. 

Colloidal Gold Test.—Lange and his colleagues *** described two simplified tech- 
niques for the colloidal gold test. Both employ the standardized reagents and 
controls used in the quantitative colloidal gold reaction. The quantitative test is 
highly recommended in neurosyphilis. 

“Normal” Cerebrospinal Fluid—Lange and Miller *** report the results of 
what they termed an objective method of selection of 500 “normal” cerebrospinal 
fluids submitted by mail. The five examinations and the findings in these normal 
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fluids are as follows: appearance, clear and colorless; complement-fixation tests, 
no reaction; total cell count, 0/3 to 3/3 cells per cubic millimeter; total protein 
by turbidimetric methods, 16 to 30 mg. per 100 ml., and quantitative colloidal gold 
reaction, Type A curve. The authors state that the syndrome of normality cannot be 
established without satisfactory methods of selection of normal cerebrospinal fluids 
and a quantitative standardized colloidal gold test with which a Type A curve is 
obtained. [It is hard to see how the authors could even think of employing mailed 
specimens of cerebrospinal fluid to establish baseline cell counts. Undoubtedly this 
explains their low normal of 3/3 cells (Fuchs-Rosenthal chamber), the majority of 
investigators accepting 9/3 cells as the upper limit of normal. Mailed specimens 
are apt to show variation in the protein content also. The use of what the authors 
call a quantitative colloidal gold test, in which a Type A curve is obtained with 
normal fluid, is of questionable value. We know of no direct correlation between 
the amount of protein in the cerebrospinal fluid and the type of curve——RE- 
VIEWERS. } 

Cerebrospinal Fluid in Multiple Sclerosis——Because of its importance in dif- 
ferential diagnosis, we quote a pertinent portion of Schumacher’s *** statement 
regarding the cerebrospinal fluid findings in multiple sclerosis and an indication of 
the present consensus. 

The cerebrospinal fluid is under normal pressure. Its content may be normal or abnormal 
at any stage of the disease, though it has been generally held that changes (such as increase in 
cells or protein) are more common in acute phases. A first zone elevation in the colloidal 
gold curve has long been stressed as a common observation, confirmatory though not pathogno- 
monic of the diagnosis. Recent careful study of a large number of spinal fluids has shown 
only 9 per cent to reveal a first zone colloidal gold curve. In various studies positive colloidal 
reactions have been found in 20 to 80 per cent of the fluids. This disparity is probably attribu- 
table to variations in laboratory technic. Recent analysis of a large number of spinal fluid 
examinations in patients with multiple sclerosis has revealed some abnormality in cell count, total 
protein and/or colloidal reaction in 78 per cent of the series. 

New methods of spinal fluid protein determination and quantitative colloidal gold testing 
have resulted in the finding of a far higher incidence of characteristic changes. By an immuno- 
chemical method it has been shown that in 85 per cent of patients with multiple sclerosis the 
gamma globulin of the cerebrospinal fluid is significantly elevated and that in 95 per cent the 
albumin content is normal. The observation is not specific for multiple sclerosis, however, and 
is found in other conditions such as neurosyphilis. 


CLINICAL MANIFESTATIONS OF EARLY SYPHILIS 

Proteins in Sera from Patients with Early Syphilis —Pérez-Sandoval "'* studied 
the proteins in the sera of two groups of cases, 46 of primary and 82 of secondary 
syphilis. These were each divided into three subgroups: serologically positive (a) 
without treatment or () after treatment and (c) serologically negative after inten- 
sive treatment. The findings with respect to serum proteins were as follows: The 
total protein remained practically normal except in untreated primary syphilis, in 
which 50% of cases showed hyperproteinemia. Albumins were decreased in 62.5 and 
69.23%, respectively, of cases of primary and secondary untreated syphilis, while 
the globulins were increased in 85.50 and 84.61%, respectively, of these subgroups. 
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The albumin-globulin ratio was lowered in 100% of untreated primary cases and 
92.30% of untreated secondary cases. Treatment seemed to alter the protein pattern 
by raising the albumin-globulin ratio to normal or above normal in 100% of 
primary and 75% of secondary cases. 

Blood Transfusion in the Primary Syphilis Incubation Period of the Donor.— 
Faust ** did not observe transmission of syphilis from a donor in the incubation 
period of primary syphilis. No spirochetes were present in the blood 24 days after 
infection. This failure to transmit syphilis during the primary incubation period is 
not in keeping with our experience,'*® and we reemphasize the necessity of exami- 
nation for syphilis of all donors, even relatives. 

Syphilitic Balanitis—To a review of 51 previously published cases, Navarro- 
Martin *** adds two new cases. Both had a history of balanitis and of intercourse 
with the same woman. The balanitis was considered nonspecific until clinical 
course and resistance to treatment suggested a syphilitic etiology. It is believed that 
a tissue alergy was released by the preceding balanitis, exposing a large surface to 
spirochetal invasion. The presence of Spirillum in a preputial discharge alone does 
not justify the diagnosis of balanoposthitis, nor is its coexistence with T. pallidum 
pathognomonic of mixed syphilitic-balanitic infection. 

Witkop—tThere have been no reports on witkop since 1922; therefore, Mar- 
shall *** reports a case which he describes as pustular syphilis of the hairy scalp. 
Two other cases observed previously began with a clinical picture of atrophic alo- 
pecia. Serologic reactions to tests for syphilis were strongly positive. Several sib- 
lings were also affected. None presented any other manifestations attributable to 
congenital syphilis. 

Interdigital Lesions.—Dexter *** reports 10 cases of interdigital secondary syph- 
ilis of the feet. Some of the lesions were condylomas, but most were ulcerative 
forms. The ulcers of dermatophytosis are less sharply demarcated, more shallow, 
and more irregular in depth. Too, the bases are less red, and evidence of scaling 
and maceration is usually found in the adjacent tissue. Lymphadenopathy, if present, 
is limited to the inguinal nodes of the involved side in contrast to the more gen- 
eralized lymph node enlargement which is usually present in secondary syphilis. 
The syphilitic interdigital lesions were dark-field positive for T. pallidum and 
responded rapidly to intramuscular penicillin therapy without any topical medica- 
tion. This interdigital localization of early syphilis must be more frequent than is 
realized. The clinical appearance is often like that of so-called athlete’s foot (ring- 
worm), as was the case in one patient who presented an eroded papule between 
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the toes.’** Thomas and Bluefarb '*® had previously called attention to this type 
of lesion. 

Syphilide Cornée——Saunders and Youngstrom *** report a case of syphilide 
cornée as a manifestation of relapsing secondary syphilis in a 80-year-old woman 
who had received 8,400,000 units of penicillin in March, 1949, for early syphilis. 

Cutaneous Atrophy in Syphilis—The subject of macular atrophy after syphi- 
litic lesions has been of interest to syphilologists for a long time. New case reports 
of this phenomenon are still appearing in the current literature.’** 

Stomach Involvement in Early Syphilis:—Bell*** presents another case of 
“precocious tertiary”-like involvement of the stomach in early syphilis (cf. Reyn- 
olds ***). 

RELAPSE AND REINFECTION 

Reinfection Following Penicillin Therapy in Early Syphilis—Arnold, Wright, 
and Levitan **° reinoculated rabbits (previously treated with penicillin for active 
early syphilis of 5 to 11 weeks’ duration) with a homologous strain of T. pallidum 
six months after treatment. None exhibited symptomatic syphilis. Eight of 22 had 
asymptomatic syphilis, as shown by lymph node transfers. The findings showed that 
resistance to reinfection was developed in early syphilis of 5 to 11 weeks’ duration. 
The degree and/or type of immunity varied from complete protection to inhibition 
of chancre development or local tissue involvement after reinoculation with homol- 
ogous strains of T. pallidum. The immunity developed during the first weeks of 
syphilitic infection and persisted for six months after adequate penicillin therapy. 
The findings suggested that immunity to reinfection increases with the duration of 
the disease before treatment. A comparison of these findings with those of earlier 
work indicates that resistance to reinfection continues to increase after completion 
of adequate treatment of early active syphilis. 

Experimental Rabbit Syphilis: Immunity in Latent Syphilis; Reinfection Fol- 
lowing Penicillin Therapy.—Arnold, Wright, and McLeod *** report their observa- 
tions on the extent of immunity after penicillin treatment of latent syphilis of eight 
months’ duration. Rabbits with early latent syphilis of eight months’ duration, 
adequately treated with penicillin, were reinoculated with a homologous strain of 
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T. pallidum six months after treatment. None displayed symptomatic syphilis. 
Thirteen of 23 acquired asymptomatic syphilis as shown by lymph node transfers. 
The same animals were re-treated six months after the second inoculation and again 
given a challenge inoculation six months later. None showed symptomatic syphilis. 
Five of 16 had asymptomatic syphilis. The booster effect of the second inoculation 
being disregarded, the immunity established during latent syphilis in rabbits (eight 
months’ duration) persisted for 6 to 28 months after adequate penicillin therapy 
(Group 1). Possible intensification of immunity was suggested by the results 
obtained in animals successfully infected by the second inoculation (Group 3). The 
degree and/or type of immunity varied from complete protection to inhibition of 
chancre development, or local tissue involvement, after reinoculation with homolo- 
gous strains of T. pallidum. 

Reinfection Following Routine Metal Therapy.—Of about 8,000 patients who 
received rapid treatment for early infectious syphilis at Bellevue Hospital, New 
York, since December, 1939, 311 gave definite histories of previous routine metal 
therapy, the great majority having received prolonged treatment for at least six 
months. Of these 311 previously treated patients, 215 were classified as rein- 
fectious, 98 having had new chancres at the time of re-treatment. In a somewhat 
unconvincing report, Thomas and Landy '* stress that the old criteria for reinfection 
were much too rigid. A new chancre appearing at a different site from the original 
one should always be presumptive proof of reinfection. So it is suggested that there 
were many more reinfections, rather than relapses, following routine heavy metal 
therapy of early syphilis. 

Ping-Pong Syphilis—Stewart, Thomsen, and Gardner ‘** report in detail a 


striking example of reinfection in syphilis that had recently been treated with peni- 
cillin. The reinfection was seronegative and dark-field positive and responded 
promptly to re-treatment with penicillin. 

Recurrent Syphilis Hard '** reported the case of a 23-year-old man whose 
syphilis resisted neoarsphenamine and “iodobismitol” (a preparation of sodium 
iodobismuthite and sodium iodine with benzocaine) therapy, but in whom admin- 
istration of 10,000,000 units of penicillin produced prompt clinical improvement. 


OSSEOUS SYPHILIS 


After a detailed study of the literature, May and Breck *** concluded that much 
confusion and contradiction exist regarding the frequency of lesions of bones and 
joints in acquired syphilis. The general trend today is definitely toward a less fre- 
quent diagnosis of syphilis of bones and joints. In the days before more accurate 
diagnostic procedures were available, many lesions of bone and joints were attributed 
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to syphilis. Routine roentgenograms must be made early to reveal osseous involve- 
ment in congenital syphilis, as the lesions usually clear up with or without adequate 
therapy by the 12th week. Biopsy is not contraindicated in osseous lesions of 
syphilis, as syphilis may stimulate many other diseases. A bone lesion in a syph- 
ilitic does not indicate necessarily that the lesion is syphilitic. Syphilitic lesions of 
the bones and joints are readily amenable to antisyphilitic therapy as far as allevi- 
ating symptoms are concerned. The prognosis of osseous lesions in syphilis depends 
upon adequate antisyphilitic therapy, as the destructive process can be arrested and 
repair can take place. Congenital syphilitic bone lesions ordinarily may be dif- 
ferentiated with accuracy from rickets and scurvy. The disorganization of a joint 
as found in the neurotrophic joint of Charcot is a manifestation of syphilis of the 
dorsal columns of the spinal cord. Syphilis has no influence in causing nonunion of 
fractures. Pain in bone and joint syphilis is usually not in proportion to the patho- 
logical changes present, for it is much less than might be expected. The alkaline 
phosphatase in the authors’ cases of acquired syphilis was increased. They report 
one case of early congenital osseous syphilis and two cases of late acquired syphilis 
of bone. In one of the cases a pathological fracture of the right radius was noted. 

Bony Lesions of Early Syphilis —Cox *** reports a case of destructive syphilitic 
osteomyelitis of the skull in a young man with secondary syphilis. Review of the 
literature shows surprisingly few cases of this particular manifestation of the disease. 
Experts in the field have stated that more cases would probably be discovered if 
more careful physical examinations and roentgenologic studies were done during 
the early stages of syphilis. The most frequent bony lesion seen in early syphilis 
is a proliferative periostitis of the tibia. Other types of involvement are ostalgia, 
osteitis, osteoperiostitis, and osteomyelitis. Arthralgia and arthritis may accom- 
pany the process. The skull bones are most frequently involved by the destructive 
lesions ; however, any bone in the body may be affected. The most frequent symp- 
toms are pain and swelling at the site of involvement. Any sign or symptom of sec- 
ondary syphilis may accompany the osseous lesions. The importance of skilled 
interpretation of the roentgenogram is second only to routine serologic tests for 
syphilis in establishing the diagnosis of skeletal syphilis. In bones other than the 
skull, preponderantly constructive bone lesions are usually due to osteomyelitis or 
syphilis, and preponderantly destructive lesions are usually tuberculous or malig- 
nant. In the skull the ultimate destructive process, without reconstruction, leaves 
the diagnosis suspended between syphilis and malignant growth. Since primary 
malignant change of the cranial bones is uncommon, a destructive process in the 
cranial bones is, in the absence of primary malignant focus elsewhere, almost surely 
of syphilitic origin, especially in a patient of precancerous age. Response to treat- 
ment of bony lesions of early syphilis is usually satisfactory. The Herxheimer 
phenomenon may appear. 

Osteolytic Syphilis—McGladdery *** presented case reports of five patients 
ranging in age from 29 to 32 years, with atrophic bone lesions of syphilis, in which 
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osteoporosis was the striking feature, being much greater than the new bone forma- 
tion. This is contrary to the standard descriptions of syphilitic bone lesions, which 
emphasize that new bone formation usually exceeds bone destruction. 


CLINICAL MANIFESTATIONS OF LATE SYPHILIS 


Syphilis of the Pharynx.—In a well-documented and extensive study, Rebattu 
and Rebattu *** describe the various manifestations of syphilis of the pharynx and 
tonsil. The reader is referred to the original article for details. 

Gastric Syphilis —Castro-Nufio *** reviewed the recent literature on gastric 
syphilis and presented a case of his own proved histologically. 

Syphilis of the Rectum.—Two cases in which the diagnosis of syphilis was made 
in conditions which masked themselves as common anorectal diseases are presented 
and discussed by Lieberman.**° One case was that of a 16-year-old Negro boy with 
syphilis simulating fissure in ano, and the other was that of a 46-year-old white 
man with syphilis simulating rectal cancer. 

Syphilis of the Lung—Pulmonary syphilis, ordinarily considered a rarity, has 
received considerable attention in the past year’s literature. Vogler *** reported 
on a patient whose autopsy revealed interstitial pulmonitis of syphilitic origin. 
Librach’s *** case was less clear-cut, although his review of the subject of syphilis 
of the lung is of value. Royce *** detailed another case. Smith, Lagueur, and 
Barnett '** reported what they believed to be a case of gumma of the lung in a 
38-year-old white man. The serologic test gave negative reactions. The patient 
received two courses of penicillin therapy without any change in the appearance of 
the dense shadow in the upper lobe of the right lung. The upper lobe of the right 
lung was removed. A rubbery mass 3.5 cm. in diameter was observed within the 
lung substance. Microscopic examination revealed a large area of coagulation 
necrosis ; the peripheral portion consisted of fibrous tissue with scattered lympho- 
cytes and plasma cells. The tissue was stained by Levaditi’s method; several spi- 
rochetes were demonstrated. The authors concluded that syphilis cannot be ruled 
out by negative serologic reactions and that negative reactions do not mean that 
syphilis, if present, must be inactive. [Although we agree that seronegativity does 
not rule out the presence of a syphilitic lesion, we cannot accept without reservation 
that the authors actually demonstrated T. pallidum in their sections. —ReviEWeERs. | 

Pulmonary Spirochetosis—Mendelson *** reported a case of pulmonary spiro- 
chetosis in a 38-year-old Oriental. Because of the response of this infection to 
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treatment with arsenicals, a therapeutic test with these preparations may make the 
less discriminating physician consider this a form of pulmonary syphilis. 

Sarcoidosis as a Clinical Expression of Syphilis —Bernstein and Leider *** 
report the case of a 33-year-old white woman who had a dermatosis which fulfilled 
the clinical and histologic criteria for sarcoidosis ; in addition, she had positive sero- 
logic reactions for syphilis. When the syphilis was treated with 11,300,000 units 
of penicillin, the dermatosis underwent involution. Bernstein and Leider review 
briefly the concepts of sarcoidosis proposed by Jahassohn, and they feel that this 
case is an illustration of cutaneous sarcoidosis that was of syphilitic causation. 

Cardiovascular Syphilis: General Discussion.—Although he admits that in the 
last 10 to 15 years little has been added to the knowledge of cardiovascular syphilis, 
Nicol,’** in a carefully documented report, reviews this subject. The result is a 
worthy compilation for ready reference to the pertinent literature, as well as to 
the opinions of a number of British authorities in the discussion. Padget and his 
co-workers *** analyzed the data in the records of 1,020 patients with cardiovascular 
syphilis from the New York Hospital and the Johns Hopkins Hospital. The study 
was limited to patients with clinical diagnosis of aortic regurgitation due to syph- 
ilis of the aorta, without saccular aneurysm and without dementia paralytica. As a 
result of this investigation, the authors conclude that a study based on retrospective 
analysis of the total material available in clinic files cannot provide the basis for 
evaluation of the effectiveness of a method of treatment for syphilitic aortic regurgi- 
tation. This carefully worked-up material is not, however, to be discarded. It is 
hoped that further analysis of it will provide a better understanding of the natural 
history of syphilitic aortic regurgitation. So far as evaluation of treatment is con- 
cerned, the only certain way to gain positive information is by the treatment of 
alternate patients, reserving the others as controls. 

Angtocardiography: Aortic Length—An angiocardiographic study of the length 
of the thoracic aorta was made by Dotter and his co-workers,'*® and results are 
presented in 84 cases without aortic disease other than arteriosclerosis, 51 cases 
of syphilitic aortitis, and 26 cases of hypertension. It was found that all these con- 
ditions produce elongation of the ascending portion of the aorta. Syphilitic aortitis 
produces disproportionate elongation and dilatation of the ascending portion of the 
aorta as compared with arteriosclerosis or hypertension—a significant fact in angio- 
cardiographic diagnosis of syphilitic aortitis. 

Myocardial Infarction Due to Syphilitic Ostial Stenosis——Fisch and Rosen- 
baum °° and Scharfman, Wallach, and Angrist **' have reported examples of myo- 
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cardial infarction due to syphilitic ostial stenosis. It is surprising that this process 
is not more frequently seen. Scharfman and his co-workers ** found that among 
8,184 consecutive autopsies performed at Queens General Hospital, Jamaica, N. Y.., 
from 1935 to 1950 there were 223 instances of syphilitic aortitis (2.7%). Of the 
latter, 37 (17%) showed stenosis of one or both coronary ostia; of these, 7 showed 
gross and/or microscopic evidence of fresh myocardial infarction or insufficiency. 
These authors reviewed the literature pertaining to myocardial infarction in asso- 
ciation with syphilitic ostial stenosis. In all, and including their own 8,184 autopsies, 
there were 33,176 toval autopsies. Of these, 920 (2.8%) disclosed evidence of 
syphilitic aortitis. Of these 920, 225 (24%) revealed coronary ostial stenosis. Of 
the latter group, 19 (8.4%) showed evidence of myocardial infarct. Brief abstracts 
are given of the seven cases in the authors’ series in which there was autopsy evi- 
dence of myocardial infarction and syphilitic coronary ostial disease. They state 
that there are certain clinical features which suggest the diagnosis of syphilitic 
ostial stenosis with or without myocardial infarction. Most important of these is 
the history of anginal pain in patients with aortic insufficiency. When the anginal 
pain is persistent and prolonged and when there is associated dyspnea, the diag- 
nosis of additional myocardial infarction should be considered. 

Sudden Death Due to Occlusion of Both Coronary Ostia in Syphilitic Cardio- 
vascular Disease-—Volk, Meiselas, and Jacobi **? review the literature and present 
case reports of a 30-year-old Negro woman and a 50-year-old white man who had 
syphilitic aortitis with mural thrombi, complicated by bilateral coronary emboliza- 
tion. These cases, observed at the Office of the Chief Medical Examiner of the City 


of New York, bring the total number of such cases reported to 12. Denham *** 
has also reported a single case of syphilitic aneurysm of the left coronary artery 
and occlusion and death from massive myocardial infarction. 


Pulmonary Artery: Aneurysm.—Grelland ** cites the case of a 60-year-old man 
admitted to Aker Hospital, Oslo, Norway, after suffering dyspnea and pain in 
the chest for 10 years. Angiocardiography revealed a saccular aneurysm of the left 
branch of the pulmonary artery caused by untreated syphilis. 

Pulmonary Artery Compression by Aortic Aneurysm.—The relatively rare 
syndrome of compression of the pulmonary artéry by an aortic aneurysm leading to 
cor pulmonale was observed by Pearson and Nichol *** in a 33-year-old Negro 
patient at the James M. Jackson Memorial Hospital, Miami, Fla. The pathogenesis 
and some of the symptoms complicating diagnosis of this syndrome are described 
and discussed. The case presented here is considered unique, inasmuch as an intra- 
ventricular block existed throughout its entire course. 
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Seronegativity in Saccular Aortic Aneurysm.—Kahn and Kilbury’s *** patient 
with saccular aortic aneurysm, proved on postmortem examination, had persistently 
negative serologic reactions, no history of infection, and no other evidence of 


syphilis. 

Aneurysm of the Abdominal Aorta.—Symptoms and signs of abdominal aneu- 
rysm, including those due to syphilis, prognosis, signs and symptoms of rupture, 
pathological changes, and treatment are reviewed by Lowenberg.’** He described, 
on the basis of two cases, a modification of the cellophane® fibrosis procedure 
known as “cutis grafting,” wherein an effort is made to encircle the aneurysm 
completely with cutis. Estes '** in an excellent presentation, also discusses the 
subject of abdominal aortic aneurysm. He states that several noteworthy studies 
of the clinical and pathological nature of abdominal aortic aneurysm have been 
published. In most of these the aneurysms were predominantly syphilitic in nature. 
The cases which formed the basis of the present study were almost all of arterio- 
sclerotic aneurysm and, therefore, can be used for comparison with the reports of 
syphilitic aneurysm. Records of 102 patients with abdominal aortic aneurysm were 
obtained from the files of the Mayo Clinic through Dec. 31, 1947. The cases were 
accepted for the study only if the diagnoses had been established on satisfactory 
objective evidence. The criteria for the diagnosis of the abdominal aortic aneu- 
rysm, according to Estes, were as follows: 

1, An aneurysm was considered to be arteriosclerotic in nature if roentgenograms revealed 
evidence of calcification in the aneurysm, in the abdominal aorta, or in other arteries, or if a 
clinical diagnosis of arteriosclerosis obliterans had been made. 

2. An aneurysm was considered to be syphilitic in origin if there was a positive serologic 
reaction for syphilis, or clinical evidence sufficient for a diagnosis of syphilis, or both; provided 
there was no objective evidence of arteriosclerosis of the abdominal aorta. 

3. An aneurysm was considered to be due to both syphilis and arteriosclerosis if the criteria 
designated for each were present. 

4. An aneurysm was considered to be traumatic if the role of trauma in development of the 


aneurysm was likely. 


Of the 102 aneurysms considered in the study, 97 were thought to be due to 
arteriosclerosis, 1 to syphilis, 3 to arteriosclerosis and syphilis, and 1 to trauma. 
Only 27.5% of the patients were under the age of 60 years at the time of diagnosis, 
and only 6.9% were under the age of 50 years. It is of interest to compare the ages 
of the patients in the present study with the ages of patients in two other already 
published studies. In the latter two studies, approximately 58% of the patients 
had abdominal aneurysms due to syphilis. In one of these studies 67.6% of the 
patients were under the age of 45, and in the other 75% were under the age of 50. 
Abdominal pain and the presence of an abdominal mass that was noted by the 
patient were the two most frequent symptoms. They were present, respectively, in 
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37.3 and 25.5% of the 102 patients. Thirty-one (30.4%) of the patients had no 
symptoms referable to the aneurysm. In these patients the aneurysms were noted on 
physical or roentgenologic examination. An expansile, pulsating abdominal mass 
was found in 88.3% of the patients. A thrill or bruit over the mass was present in 
28.4%. Only 7 patients (6.9%) had no physical signs referable to the aneurysm. 
In these seven, the diagnosis was made on appropriate roentgenologic examination 
or on surgical exploration. Sixty-seven per cent of the traced patients survived one 
year or longer following the diagnosis of abdominal aneurysm ; 49.2% survived three 
years or longer, and only 18.9% lived five years or longer. None of the patients in 
this series lived for 10 years after the diagnosis had been established. However, 
only eight patients had been traced at the end of the 10-year period. The cause of 
death was learned in 49 of the 64 patients known to have died. Thirty-one of these 
(63.3%) died from rupture of the aneurysm, and 18 (36.7%) died from other 
causes. Comparison of the years these patients survived and the cause of death 
with those of one reported group of 57 patients with a high incidence of aneurysm 
due to syphilis shows the duration of symptoms before death in the syphilitic group 
was 6 months or less in 61.3%, 12 months or less in 87.7%, and 12 months to 3 
years in 10.5%. Death was due to aneurysmal rupture in 31 of 38 patients (81.6%). 
In another reported series with a high incidence of syphilis, 70% of the 96 patients 
were dead in 36 months and 17% survived 5 years. 

Syphilitic Cardiovascular Disease Combined with Chronic Endocardial Lesions 
Usually Attributed to Rhewmatic Fever—Smith and his colleagues,'*® from Wash- 
ington University, St. Louis, reviewed the 47 instances of syphilitic cardiovascular 
disease combined with chronic endocardial disease, probably rheumatic in origin, 
that have appeared in the literature. Among 398 autopsy specimens of syphilitic 
cardiovascular disease and 459 specimens showing rheumatic heart disease (acute 
and chronic) at their institution, there were 8 specimens exhibiting combined 
syphilitic aortitis and chronic endocardial lesions judged to be of probable rheumatic 
origin. The clinical problem of the recognition of combined syphilitic and rheumatic 
lesions of the cardiovascular system is illustrated by the case report of a male patient 
showing clinical evidence of aortic dilatation, aortic insufficiency, and a mitral 
diastolic murmur, together with a history of syphilis. Necropsy showed a combi- 
nation of diseases herein described. It is emphasized that the possibility of coexistent 
syphilitic and rheumatic heart disease must be considered when overlapping evi- 
dence of either of the diseases is discovered clinically. In large autopsy series of 
either syphilitic or rheumatic hearts the incidence of such combined lesions varies 


from 1 to 10%. 
NEUROSYPHILIS 


The diagnosis of neurosyphilis has advanced materially in recent years. Con- 
tinued progress is exemplified by a number of contributions in which the investi- 
gators have employed recognized psychological techniques for more exact definition 
of the changes wrought by neurosyphilis. These procedures are also being employed 
in determining the effects and effectiveness of therapy. 
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Psychometric Procedures in Recognition of Early Dementia Paralytica.— 
Lewis **° used a psychometric procedure for a group of 72 syphilitic patients from 
the Johns Hopkins Hospital. The Stanford-Binet Scale (vocabulary test) and the 
Kohs Block Test were used for determining mental age. The results of this study 
suggested that when the vocabulary mental age exceeded by three years or more 
the Kohs mental age intellectual impairment was to be suspected. Evidence sug- 
gests that this procedure objectively indicates the presence and the degree of deteri- 
orative change, is relatively simple in application and interpretation, and is not 
particularly time consuming. Along the same lines Sternberg and Zimmerman,*™ 
in a study at Wadsworth Veterans Administration Hospital, Los Angeles, evaluated 
the use of psychological tests in active neurosyphilis. The 66 patients, ranging in age 
from 16 to 68 years, were given a battery of tests. Only the results on the Wechsler- 
Bellevue Adult Intelligence Scale are given. Patients in the group with active symp- 
tomatic neurosyphilis showed mental deterioration attributable to the disease 
process. 

Effect of Glutamic Acid on Test Performance of Paretics—Kantor and 
Boyes *** sought to determine whether glutamic acid therapy may benefit patients 
with secondary mental dysfunction. They chose 46 institutionalized white male 
veterans of World War I, whose disease was diagnosed as follows: syphilis, tertiary, 
meningoencephalitic, manifested by psychotic reaction, dementia paralytica. None 
of the changes observed after therapy approached significance. All differences 
were within the error of the technique. They concluded that the use of glutamic 
acid to restore mental capacity does not succeed with chronic paretics of the ages 
tested. Only two patients gained as much as 10 intelligence-quotient points. One 
gained the points with glutamic acid medication, and the other, with placebo medi- 
cation. There was no downward trend in the test scores as the date of the end of 
medication became more remote. 

Cerebral Blood Flow and Oxygen Consumption in Neurosyphilis—Employing 
the nitrous oxide method of Kety and Schmidt for determining the cerebral blood 
flow (CBF), oxygen consumption (CMRO,), and vascular resistance (CVR) in 
58 patients with various types of neurosyphilis and 16 control subjects, Patterson, 
Heyman, and Nichols *** found that in patients with dementia paralytica and 
meningovascular syphilis the mean CBF and CMRO, were significantly reduced, 
while the mean CVR was significantly increased. In patients with asymptomatic 
neurosyphilis these functions were within the normal range. In patients with 
dementia paralytica a definite correlation was found between the degree of mental 
deterioration and the reduction in CMRO,. In patients with meningovascular syph- 
ilis treatment was usually followed by a rise in CBF, while the CMRO: showed a 
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variable response. Treatment with penicillin and fever was followed by a rise in 
the CMROgz in those patients with dementia paralytica who had low pretreatment 
values. This increase in CMRO, was accompanied with improvement in the mental 
state. 

Effects of Induced Fever on Cerebral Functions in Neurosyphilis—In another 
study Heyman, Patterson, and Nichols '** induced fever by injection of typhoid 
bacterial pyrogen or malarial parasites in 13 patients with asymptomatic neuro- 
syphilis and in 14 patients with dementia paralytica and determined the effects on 
the cerebral blood flow (CBF) and cerebral oxygen consumption (CMRO,). 
Patients with asymptomatic neurosyphilis had a normal CBF and CMRO, in the 
afebrile state and showed only minimal changes during fever. Patients with 
dementia paralytica, however, showed CBF and CMRO, values which were abnor- 
mally low in the afebrile state, but which increased on the average by 30 and 24%, 
respectively, during fever. It is apparent that the brain in asymptomatic neuro- 
syphilis does not share in the increases in cardiac output and total body metabolism 
which are known to occur during fever. The tentative assumption is made that 
the normal brain has a response to fever similar to that of patients with asymp- 
tomatic neurosyphilis. The possibility that the beneficial effects of fever therapy 
in dementia paralytica are in part related to the increase in cerebral blood flow is 
considered. 

The Substratum of Central Nervous System Manifestations in Syphilis —Since 
it is usually assumed that neurologic or psychiatric symptoms present in a patient 
with positive serologic reactions are of syphilitic causation, and since necrospy 
frequently reveals the presence of pathological conditions other than syphilis which 
can account for the symptoms, Wilson and his colleagues,’® from the Philadelphia 
General Hospital, sought the answer to the question of the relative importance of 
the multiple etiological factors. In a study covering eight years they found that 
in a group of 339 cases with serologic or pathological evidence of syphilis, indis- 
putable histopathologic evidence of central nervous system involvement was present 
in only 105 (31%). In 29 of these, however, the accompanying nonspecific changes 
must be considered as an equipotential etiological factor. In an additional 71 cases 
central nervous system symptoms might be accounted for on the basis of existent 
syphilitic cardiovascular disease in spite of the absence of syphilitic involvement of 
the nervous system. Syphilis, therefore, may be incriminated as a possible factor 
in 176 cases (52%). In the remaining 163, pathological study suggested non- 
specific disease as the predominant cause, and syphilis was incidental rather than 
primary in respect to the nervous and mental symptoms. The authors advise 
extreme caution in regarding neurologic manifestations in a patient with positive 
serologic reactions as due to syphilis alone. The possibility that nonsyphilitic 
changes may be equally or entirely responsible always must be borne in mind. 
From the viewpoint of practical clinical management, positive serologic reactions 
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should not justify the abandonment of further diagnostic studies which may more 
positively delineate other causes. From the therapeutic aspect adequate antisyphi- 
litic treatment should be mandatory. It must be recognized that therapeutic failure 
may result from lack of critical evaluation of nonsyphilitic etiological factors. Sup- 
plemental treatment, directed toward the nonspecific disease, is also indicated, even 
in the presence of central nervous system syphilis. 

Adie’s Syndrome.—A case of Adie’s syndrome which was misdiagnosed as tabes 
dorsalis has afforded Kern ‘** an opportunity to redescribe the characteristic signs 
of Adie’s syndrome and to compare the tonic pupil with the Argyll Robertson pupil. 

Gumma Simulating Tumor of Cauda Equina——Thompson and Preston *% 


observed a patient with gumma of the lumbar region of the spinal cord with the - 


signs and symptoms of tumor. 
OCULAR SYPHLIS 


Syphilis and Blindness.—The 1940 Study of Causes of Blindness Among Recip- 
ients of Aid to the Blind showed that the prevalence of blindness resulting from 


Differences Between the Tonic Pupil and the Argyll Robertson Pupil* 








Tonic Pupil Argyll Robertson Pupil 


Sex Predominantly in females Predominantly in males 
Incidence Usually unilateral Usually bilateral 
Size of pupil Dilated Contracted 
Reaction to light None; however, after the patient None 
has remained in the dark, a 
response can be elicited 
Convergence and Sluggish contraction and dilation Reaction normal and prompt 
accommodation 
reactions 
es to mydri- Prompt and complete dilation 
atics 
Evidence of syphilis Absent 


Slow and incomplete dilation 


Present 





* From Kern.1¢¢ 


syphilis was between 13.5 and 20% of the blindness among the recipients in the 
study sample. Geddes '** believes this incidence would decline appreciably as a 
result of increasing emphasis on the newer types of therapy, premarital blood 
tests, blood tests for women in early pregnancy, and mass serologic studies. 
Klauder and Meyer *° found that the outstanding causes of blindness of syphilitic 
origin are primary atrophy of the optic nerve of acquired and of congenital syphilis 
and interstitial keratitis of congenital syphilis. The authors appeal to ophthal- 
mologists and to the component divisions of the Committee on Statistics of the 
Blind for more interest in syphilis as a systemic disease, in its public health aspects, 
in its treatment, and in the early diagnosis of optic nerve involvement. 


166. Kern, A. B.: Adie’s Syndrome: A Benign Disorder Simulating Tabes Dorsalis, 


J. A. M. A. 145:230-231 (Jan. 27) 1951. 

167. Thompson, R. G., and Preston, R. H.: Gumma Simulating Tumor of Cauda Equina, 
Am. J. Syph. 84:356-360 (July) 1950. 

168. Geddes, A. E.: Use of Statistics in Planning Prevention of Blindness Programs, Sight- 
Saving Rev. 20:110-115 (Summer) 1950. 

169. Klauder, J. V., and Meyer, G. P.: Syphilis and Blindness, Sight-Saving Rev. 20:99-105 


(Summer) 1950. 


Anat vane, declares nadine dctieniues lands asain 


La IIT ER 1 aL Nm AS 





BEERMAN ET AL—SYPHILIS 349 


Syphilitic Optic Neuritis—Graveson **° described five cases of syphilitic optic 
neuritis in the early phases of syphilis. Therapy produces a favorable result in 
contrast with the poor result in syphilitic optic atrophy. 


CLINICAL MANIFESTATIONS OF CONGENITAL SYPHILIS 


The general subject of congenital syphilis has received considerable attention 
in reviews and editorials.1*! The editorial in The Journal of the American Medical 
Association *™¢ is such a clear statement of the problem that it is quoted in 


extenso: 


The twenty-seventh Annual General Assembly of the International Union Against Venereal 
Disease has drawn up several postulates regarding the mode of transmission of syphilis from 
parents to offspring: 1. Syphilis is transmitted from the mother to the offspring by the trans- 
placental route. The passage of spirochetes across the chorionic villi takes place after the 
fifth month of pregnancy. 2. Direct infection of the ovum by the sperm is unlikely. 3. The 
so-called spirochetal granules represent a developmental stage common to all spirochetes. 
The assembly also recommended that the term “hereditary syphilis” be replaced by the term 
“congenital syphilis.” 

Levaditi and Vaisman, although in agreement with the above postulates, point out that 
Mayer has reported two instances in which Treponema pallidum was found in the chorionic 
villi of an aborted fetus, one four months and one three months old. These, however, appear 
to be exceptional instances. Levaditi and Vaisman point out that Finger and Landsteiner 
injected spermatic fluid from a syphilitic patient into scarified skin of a Cynocephalus hemadrias 
and of a Macacus rhesus and observed formation of a chancre after three weeks. These experi- 
ments suggest that the spermatic fluid of a syphilitic patient may under certain conditions harbor 
a specific pathogenic virus for the monkey. Levaditi and his co-workers at the Institute Alfred- 
Fournier and Institute of Hygiene (Paris) demonstrated that the testis, the tunica albuginea, 
the epididymis and the sperm of rabbits rendered syphilitic by the corneal route may contain, 
in the absence of any microscopic alteration of these tissues and of the spermatic fluid, a 
syphilitic virus as demonstrated by corneal injections into other rabbits. The spermatozoa of 
rabbits infected with syphilis of long standing proved capable of transferring the infection after 
incubation periods of 51 to 73 days. These authors conclude that the parenchyma of the testicle 
and of the testicular adnexa, rarely in man but frequently if not constantly in the rabbit, harbors 
a syphilitic virus demonstrable by transference to a rabbit or a monkey. 

It has not been possible to demonstrate typical spirochetes in the sperm, the seminal glands 
and testicular appendages of man, despite the demonstrated specific virulence of these tissues. 
It has been suggested, therefore, that these tissues harbor a syphilitic virus beyond the capacity 
of a microscope to disclose. The germinal transmission of syphilis from the male parent to the 
offspring appeared to be at least hypothetically possible. 

The connective tissue of the ovary and of the ovocytes of infants born to syphilitic mothers 
were frequently found to be invaded by spirochetes. The spirochetal invasion of the ovocytes of 
newborn syphilitic offspring, however, does not offer an argument either for or against germ 
infection. The case probably is one of massive spirochetal septicemia, the ovary being infected 
much as the rest of the organs of the fetus. The fact that an ovocyte may be penetrated by a 
spirochete does not establish that this may actually occur at the moment of fecundation. 

The question of the existence of a developmental cycle of the syphilitic virus was suggested 
by the finding of the so-called spirochetal granules. A number of investigators have called 
attention to the existence of these granules, which can be demonstrated with the electron 
microscope. 
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The placental transmission of the maternal spirochetes and the infection that follows it 1 
the offspring are a matter of common observation. There is as a rule a massive invasion of the 
fetal and maternal placenta and particularly of the liver of the fetus by the maternal spirochetes 
The specific infectivity of the parents, particularly that of the mother, is not, however. 
incompatible with an apparently normal offspring. The spirochetes are rarely found in the 
urgans of a fetus of less than five months. This fact suggests that the virus is not capable of 
passing the placental barrier until a late stage, namely, at the moment when this barrier has 
undergone certain anatomic and biologic changes. Such changes have been established by 
histological studies. They are to be noted in the chorionic villi after the fourth and the fifth 
month, particularly in the cells of Langhans and in the syncytium. These changes are in the 
nature of involution. The formation of definite gaps in the villi probably favors the passage 
of the spirochetes across the placental barrier. 


Indices in the Measurement of Congenital Syphilis ——Wright and his co-work- 
ers ‘™* found that the trend of congenital syphilis is difficult to assess because there 
is no suitable index in use for measuring incidence which will permit valid com- 
parisons between two areas or periods of time. The four main methods of measuring 
the incidence of congenital syphilis found in the literature are limited in their 
accuracy and usefulness. A formula which may be used as a specific index of the 
incidence rate of congenital syphilis is proposed by this group. This formula meas- 
ures indirectly, within specific race and age groups, the ratio of women with 
untreated and inadequately treated syphilis who deliver syphilitic children in a 
specified period—a factor which Wright and his group consider the one that 
actually must be measured to ascertain the facts regarding the actual incidence of 
the disease. 

Laird '** reports pertinent data resulting from an analysis of 115 cases of 
congenital syphilis. The material is discussed under the following heads: age, sex, 
and reasons for discovery of 115 cases; involvement of special sense organs ; facial 
appearance ; dental stigmata; bones and joints; other findings; tertiary lesions of 
congenital syphilis; examination of parents and siblings, and diagnosis of late 
congenital syphilis. There were 38 males and 77 females in the series, and the 
youngest and oldest at the time of diagnosis were 3 and 75 years of age, respectively. 
Of 112 patients, 95 had positive and 12 had negative serologic reactions. Inter- 
stitial keratitis was present in 45 (39%) of the 115 patients (40% in males and 
60% in females). Seven others had corneal opacities from previous interstitial 
keratitis. A suggestive facies was present in 52 of 98 patients in whom the facial 
appearance was noted. The permanent upper central incisor teeth were involved 
in 49 of 71 patients, and abnormalities of the permanent first molars were noted 
in 20 of 73 patients. There was thickening of the inner third of the clavicle in 17 
of 32 males and in 19 of 63 females. The middle third of the anterior border of 
the tibia was thickened in 20 of 32 males and in 26 of 63 females. Clutton’s joints 
were seen in only 3 of 38 males and in 1 of 77 females. A high palatal arch was seen 
in 15 of 33 males and in 11 of 63 females. Gummata occurred in 17% of 94 patients 
(palate and testes), and there were 8 cutaneous gummata. Parenchymatous neuro- 
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syphilis was noted clinically in 6 of 93 patients. Examination of the parents and 
siblings gave helpful information for diagnosis in a moderate number of instances. 

Different Behavior of Identical Twins—-Of Gahrmann’s*™ set of identical 
twins, they first exhibited a macular eruption and swelling of the liver and spleen 
after five months. Serologic reactions were negative. In the other child no abnormali- 
ties were seen. The mother possibly had syphilis, but no alterations were found, 
and her serologic reactions were negative. 

Bone Changes.—Arzt ‘** presents a discussion of the bone changes in early 
congenital syphilis. The newer work makes necessary a revision of our concepts 
of this aspect of syphilis. 

Dental Abnormalities—In Pemiscot county, Missouri, Beecher, McIntosh, and 
McCart *"* examined 1,639 Negro school children for evidence of Hutchinson’s 
incisors, mulberry molars, or the bud molar of Pfluger. Fifty-four children (3.2%) 
of those examined were found to have these dental anomalies. Of these 54, the 
condition of 16 (32%) was diagnosed as congenital syphilis. This study suggests 
that examination for dental anomalies is a satisfactory method for discovering 
cases of congenital syphilis in areas of low prevalence where mass blood testing is 
not feasible. 

Cerebellar Ataxia Syndrome (Pierre-Marie Type) from Congenital Syphilis.— 
Massignan and Zanetti '* reported two cases of cerebellar ataxia due to congenital 
syphilis. They also offered a full discussion of the subject. 

Third-Generation Syphilis—Cases purporting to be examples of third-gen- 
eration syphilis were reported by Sauer ‘** and by Doht.’"* These cases, although 
worthy of report, as was suggested by Beerman, Wammock, and Magnuson,'* 
are to be classed as probable examples of so-called third-generation syphilis. 


PROPHYLAXIS 


Prevention of Transfusion Syphilis—The increased use of blood transfusion 
and the greater incidence of syphilis have directed attention to the danger of trans- 
mitting syphilis in this way. According to Fussganger,’*' the literature contains 
records of more than 100 cases of transmission, and he assumes that many others 
have not been reported. The fact that it is difficult to demonstrate syphilis during 
the first six weeks after infection has taken place is largely responsible for the 
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transmission of syphilis by transfusion. Efforts have been made to prevent this 
transmission by adding spirocheticidal substances to transfusion blood. Since 
experimentation with the syphilis spirochete proved difficult, the spirochete of 
recurrent fever was employed. It was found that these spirochetes remain viable 
and virulent for several weeks in stored blood. Certain arsenoxides kill the spiro- 
chetes in a short time, and the quantities required are so small that no harmful 
effects need be feared in the recipient of the blood. Brock and Conradi,’*? without 
accident or diminution in the effectiveness of the transfusion, used fresh, citrated 
blood to which an arsenoxide preparation had been added to prevent the trans- 
mission of syphilis in transfusions in 661 infants and 278 children. The blood 
was usually given in divided transfusions over two or three days. 
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for use when oral administration is difficult or impractical 


—when more prompt action is desired 


Banthine—a true anticholinergic drug with 
an adequate range of safety—is now made 
available to the medical profession in par- 
enteral form, for use intravenously or in- 
tramuscularly in those conditions charac- 
terized by nausea and vomiting, when oral 
medication cannot be retained and when a 
prompt action is desirable. 


Through its anticholinergic effects, Ban- 
thine inhibits excess vagal stimulation and 
controls hypermotility. 


In Peptic Ulcer —the value of the oral form of 
Banthine is now well established. However, 
edema in the ulcer area may indicate parenteral 
Banthine until the healing processes have re- 
duced the edema. 


In Pancreatitis —it has been found that par- 
enteral Banthine relieves pain, effects a fall in 
blood amylase and produces a general improve- 
ment in the patient’s condition, 


In Visceral Spasm —it inhibits motility of the 
gastrointestinal and urinary tracts. 


Parenteral BANTHINE is supplied in serum- 
type ampuls containing 50 mg. of Banthine powder. 
Adult dosage is generally the same as with Ban- 
thine tablets, 


RESEARCH IN THE SERVICE OF MEDICINE SEARLE 














FOR TREATMENT OF 
RESPIRATORY DISEASES 


min the hospital 


Walton has recently developed - for 
the pediatric department particu- 
larly—the model illustrated at 
right, which is used in four 
vital functions: obtaining 
optimum condition of 
high humidity at normal 
room temperatures, in 
oxygen tents, in croup 
rooms, or when 
inhalations are 
prescribed. 


. 












i te = 
professional suite 


Walton offers a 
variety of differ- 
ently designed 
models to blend 
in the decor of 
any surroundings 
Available in table 
models or automatically 
controlled cabinet models. 





HUMIDIFIERS 


_ WALTON LABORATORIES, INC. 
Irvington. 11, New Jersey 
_ Please send free illustrated booklets, checked 
"(Hospital Humidification 
(0 Humidification is a Necessity 
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“Living Tissue 
Constantly 
Renews Itself” 


A. M. A. 


Archives of 


PATHOLOGY 


CONSTANTLY drawing upon the current 
research and conclusions of outstanding 
workers, A. M. A. Archives of PATHOL- 
OGY presents a searching monthly ex- 


amination of the field... a live report 


of significant developments as they occur. 
Exhaustive studies of the course of disease. 
Laboratory methods and technical notes. 


Discoveries resulting from chemical and 


biological research. 
Classification and comment. 


Reviews of important current books and 


articles. 


Copious illustrations. 


Authoritative editorial leadership. 








AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St., Chicago 10, Illinois 


Please Begin My Subscription to A. M. A. Archives of 
PATHOLOGY with the Next Issue. 
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turning -point 


Under stress—burns, severe infections, sur- 


geryv—when the greater need for adrenal 
cortical hormones. may tax the patient's re- 


sources, appropriate supportive therapy may 





influence favorably the turning-point toward 


recovery. 


R 
Cpjohn Adrenal Cortex Extract & 


10 cc. and 50 ce. vials of sterile solution for sub 
cutaneous intramuscular or antravenous injectton 
Continuous Upjohn research in the physi- 
ology and chemistry of the adrenal gland 
has made available potent, standardized ex- 
tracts providing all the natural hormones of 
the adrenal eortex. 

Each ce. of Upjohn Adrenal Cortex Extract contains 
the biological activity equivalent to 0.1 meg, of 17 


hydroxycorticosterone, as standardized by the Rat 


Liver-Glycogen Deposition test {lcohoal 10 


a product of 





Research for medicine... produced with care... designed for health 
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CA cXew Grip on Problems 
of Industrial CMedicine 


TH ROUGH A Journal Designed For Your Interests 


A.M.A. Archives of INDUSTRIAL HYGIENE and OCCUPATIONAL 


MEDICINE 


Edited by men of outstanding reputation in the fields 
of industrial health and preventive industrial hygiene: 
Prof. Philip Drinker, Boston, Chief Editor; Robert 
Kehoe, M.D., Cincinnati; James Sterner, M.D., 
Rochester, N. Y.; Frank Patty, Detroit, Mich.; 
Theodore Hatch, Pittsburgh; Frank Princi, M.D., 
Cincinnati; Fenn E. Poole, M.D., Glendale, Calif.; 
William A. Sawyer, Rochester, N. Y. 


Covering the research and field aspects of industrial 
hygiene and the clinical and medical aspects of occupa- 
tional industriai health programs. 


Merging the best features of Occupational Medicine 
and The Journal of Industrial Hygiene and Toxicology. 


Integrated closely with the activities of the Council 
of Industrial Health of the A. M. A. and the American 
Industrial Hygiene Association. 


A Better and More Useful Journal of Industrial EY 


Such is the result which the Editorial Board of A. M. 
Archives of INDUSTRIAL HYGIENE and OCCUPA 
TIONAL MEDICINE has achieved by combining parallel 
publications. 

To the thousands of physicians who are directly or indi- 
rectly concerned today with medicine in industry, the new 
journal will bring reports of the continuing and important 
developments in the field, with original articles covering prob- 
lems and day to day experiences of pAysicians in industry; an 
excellent abstracting service simila to that carried in the 
Journal of Industrial Hygiene and Toxicology; additional 
foreign journal abstracting; reviews. 


Whether servicing industrial firms, attending employees, 
applying to general practice some of the findings of industrial 
medicine, or merely watching this expanding field, you will 
want to receive this vital new periodical. 





AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn Street, Chicago 10 


Enter my subscription to A. M. A. Archives of INDUSTRIAL HYGIENE and OCCUPATIONAL MEDICINE to start with 


the next issue. Per year, $8.00 in U. S. (Canadian, $8.40; 
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“therapeutic bile” 
overcomes stasis 


what is “therapeutic bile”? 

Thin, free-flowing bile in copious 
amounts as produced by /ydrocholeresis 
with Decholin. 


what does 

“therapeutic bile” do? 

Overcomes stasis in chronic cholecys- 
titis and noncalculous cholangitis by 
flushing thickened bile, mucus plugs and 
debris from the biliary tract. 


how does “therapeutic bile” 
differ from other bile? 
“THERAPEUTIC BILE” is higher in 
fluid content and lowér in solid content 
than bile produced by choleretics, e.g., 
ox bile salts. 


L és _| 106% increase 36% increase 
ae in volume in volume 


A || A 


63° increase 4 > 67% increase 
in total solids Bi in total solids 


Hydrocholeretic: Choleretic: 
Decholin Ox bile salts 


DECHOLIN © 


(brand of dehydrocholic acid) 


how is 

“therapeutic bile” obtained? 
“THERAPEUTIC BILE” is obtained 
by adequate dosage of Decholin and 
Decholin Sodium. Most patients require 
one or two tablets t.i.d. for four to six 


weeks. Prescription of 100 tablets is 
recommended for maximum efficacy 
and economy. More prompt and inten- 
sive hydrocholeresis may be achieved by 
initiating therapy with Decholin Sodium 
5 cc. to 10 cc. intravenously, once daily. 


Decholin Tablets, 334 gr. (0.25 Gm.), 
bottles of 100, 500. 1000 and 5000 


Decholin Sodium (brand of sodium dehydrocholate ) 
20% aqueous solution, ampuls of 3 cc., 5 cc. and 10 cc. 


ELKHART, 
INDIANA 
Ames Company 


of Canada, Ltd., 


COMPANY, INC. Toronto 








The Dutch painter, Vincent Van Gogh, one of the masters of Post-Impressionism, 
suffered from the psychic equivalent type of epilepsy. During one of his many 
periods of confusion he cut off one of his ears and presented it to a lady friend. 


Comparative studies have shown that in some cases better control of grand mal as well as petit 
mal seizures can be obtained with Mebaral than with corresponding doses of other antiepileptic 
drugs. Mebaral produces tranquillity with little or no drowsiness. It is particularly desirable not 
only in epilepsy but also in the management of anxiety states and other neuroses. The fact that 
Mebaral is almost tasteless simplifies its administration to children. Average dose for children ¥2 


to 3 grains, adults 3 to 6 grains daily. Tablets 2, 1 and 3 grains. 


MEBARAL 


Brand of Mephobarbital 
SAS 


COUNCIL GM P 

o | PHARMACY HE 
Ta inc. RA CHEMISTRY is 

New Yorn 13,N.Y. Winosor, Ont. c ato 


Mebaral, trademark reg. U. $. & Canada 





